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PREFACE. 



JT being an ufual Complaint with thofe 
•*■ who are unacquainted with Geometry^ 
\ that they are discouraged by the Mathe^ 
S matical DemonJirationSy from perufing 
Books of Natural Philofophv ; / appre- 
hended that fome Papers I had drawft 
up for the Ufe of my Pupils in the 
tJniverftyy would not be altogether un^ 
accept able y if publijhed in fuch Form^ 
that the PropoftionSy or Subjlance of 
the Bookj might be read without Inter- 
ruption from the Demonfirations. I 
have therefore in the following "Treat if e 
laid down the faid Propojitions^ and en- 
deavoured to prove them in a familiar 
and eafy Manner ^ without Geometry ^ by 
^ay of Text : And for the fake of thofe 
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iv PREFACE. 

who are Jkilted in that Science^ have 
added the Demonjiratiqns^ with fpme 
occajional Remarks^ by way of Notes* 
And whereas the Writers on this Sub-- 
jeSf have- 4fppr0priated to themf^hes: 4 
StUe too tedinical for BeginnerSy I 
havey in hopes of being more eafily un- 
derftood^ fomeiums eh$fe a^plamer and 
more popular W^ ^f Expr^my though 
perhaps not ahmys fo asfur^aOx. 

* . » - • 

In the JntroduBkn to ihefirji Fart^ 
Notice is taken of the Method vf Philo- 
Ibphifing made Ufe of fy DeSB Cai'tcs, 
and others before him^ Jo f^r as the 
J^efign of this Compcn<ii\im required. 
I Jhall add here a fe^ Con/iderationi 
relating to the Method which prevails 
at this Ttme^ 

In the prefent Methiki of I^bHofophi-^ 

fngy all Matter is conjidered (with re-- 

fpeB to its Suhfianee) as jhtomogeneous, 

or of the fame Kind 'y and no other 

Caufe or Principle of ABion in Matter 

is 
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is cdiowed ef^ hut ii^at is well efiabUptd 
fy Fa0sj 

Same Fbikfiipbin admit Eletti^ntaiy 
Fire, as th^ Cail it^ ammg their Prir^ 
e^Us^ oTy '»kicif sofHes to the fame 
fhingy ti^ cmfider Wire as endatoed 
tfiitih aSHo^ Powers SftinBi from tbofi 
if other Matter ^ i&eill^ in hit Letter 
to Dr. ■ C0Ckb«ii[ti,> I>6 Legibus At^ 

mahs u/e of mre& Friftcifks, viz. r. 
Bmpty^ S^is. ^ The iftimite DivH 
fibility of Qteuftky. 3. The Attrac- 
ticMi of Matter. And af^ms^ that all 
'S\if{tc^ depend i^em. 

Thefiiffi of bis ^rimiples the Reader 
may perhaps thiyfk ridiculous', but he 
ffks^ cofiffder\ that at that Time of Day, 
the Motion: of a l*lciiudi was not wholly 
^piodidi Thi lii^ng do^ff-'Em^t^ %^Q 
as O'frlh Principle was only coiling out 
fir £ltK0Vvr-Ro6m> and a ck:» Stage 
Sttf ft^f f0 trouble the Reader 

nsfith' tobat others have dwie, I have 

a, 3' chofeh 
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chofen and every where fiuck to three ; 
and as oft as a Phsenomenon occurred^ 
which 1 could not account for by them^ 
I have given it up as a Difficulty^ not 
defpairingy but that when all the Cir- 
cumjlances of the Phenomenon fhall be 
thoroughly known^ they alone may be 
foundfufjicient. Itfeems not confijlent 
with the Regard a Philofopher jhould 
have to the Uniformity of Naturey ' 
every where obfervable^ to call in a 
new Principle at every knotty Point. 
Thcfe which I make ufe are^ 

Firjly Attradion of Gravitation. 
That isy a Difpofition in Bodies to 
move towards each other^ even when 
at great Dijiances af under. 

Secondly y Attra<9;ion of Cohefion. 
"That isy a like Difpofition in Bodies to 
move tov)ards each other\ but diJiinSi 
from the former ^ in as much as it is 
obferved to take Place only when the 
Bodies are very near together. : ^ 

Thirdly^ Repulfion, or a Difpofition 
in Bodies^ whereby in fome Cafes they 

endeavour 
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emliavour to avoidy or fly froth tach 

other* 

Tlefirfl of tbefe ii Matter of daily 
OhferoatioH, Thus a Ball let go from 
the Hand falls to the Ground, 

Tie fecond may he feen in^ the foU 
lowing Inflame, A f mall Portion of d 
Fluid forms itfelf into a Sphere or 
, Drop : Which can only happen front 
a Difpofition in the Particles of which 
it confiflsy to come as near as poffible to 
each other.' 

An Inflance of the third is this, tf 
Air inclofed in a Bladder ^ he fqueezed 
into a lefs Compq/sj the Air within^ 
when the Prejfure is taken offi reftores 
the Bladder to its former Size: A 
plain Indication that the Particles of 
which the Air conflflsy endeavour to 
avoid or fly from each other (aj^ 

7hefe Difpofliions in Bodies Are not 
the Refult of any Mechanical Caufe 

- (a) Sii another Inftanci of this tiifpojition^ iri Part III. 
Pag€ i6iv Note m of this Compendium. 

a 4 what eve fy 
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whatever \ that isj fuck w mmih arifi 
jrom the EfHiivia of Bodies^ or the^ A^^ 
timof an^ otbtr material Subftapc^ (b) : 
2%ejf aire therefpri the AB of cm yp^ss^^ 
terial Cavfe, in, Vj^tue^of Hsohich ioaftive 
^d^^tes performs the Ofice^for which it 
niios, dsfignesL 

l^rom 

(b) DemonftrBtfOiii A the firji Place it is well knowTtj 
that ^ Gravity a^ t^^r^ Bodies mtl? tie fame Begrti ^ 
tntenjenefs^ whether they be in Motion or at J^ejty it may 
If demonftratedj that B»dies^ when projeifed^ will deferihe- 
Parabola's ; and that when vibrating in Cycloids, their 
Vibrations will be ifocronous, 6fr. In the next Place it 
is as well knfiwn^ that ^odies when freje^ed do d^fcribe 
Parabola's, and that when vibrating in Cycloids, their 
Pibratiom are ifocr^nous, &i^c. Prom whith two Propo-- 
Jitions it demotffirutivjely follos^^s^ that. ^ Gr/{vitf^ be, the- 
caufe of the abovementioned Bff^s^ tt mujl aSf upon 
Bodies i witii tfft farm Foree^ whether^ they be in- Motion^ 
or at Reji. 

Again^ it is well known^ ibat^ ^ AttraflSon of Cohefion 
a&i upon Kayi of Light with ti>e fame Degree of Intenfe'-' 
nefs^ whatever be the Velocity they moste wit/\ it may be 
demonflraud^ that the Ratio cf the Sine of the Jngle (f 
Incidence to the Sine of th^ Angle, of Refra^ion^ will be 
given. But in RefraSlion of Lights tkfe Ratio of thofe 
Sines is given in FaSi ^ if therefore Attraflion of Cqbefion 
le. the Canff of the RefraiHoi\ of liighf^, it muji, a^ upon 
Rays of Light with the fa^i Intenfenefiy whatever Velocity,^ 
they move with* 

But no Effluvia of Bodies^ no material Subftance, and 
in Jbart no materi^ Cai^fe whatever^ coh ai^wiih' tffe 
fame Intenfenefs^ ov- hmM the f^me Effi&* upon a Bodyt is 
Motion^ as upofi the fame Body at Rejt j becaufe as it is 

very 
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Fram thejirjtand third PrtnciphioSi^ 
together with the Properties of Matter 
enumerated m the firfi Chapter of this 
Comp«»diHtn,, "which Properties muji 
be akvc^s wtd&rfiood^ the Ehftkity or 
Spring of the- jdity and from thence the 
Nature a9%d Propagaiion of Sound are 
aecwf^d for. j^d from the Spring 
(f the ^f' confidered as l^ing augment-- 
ed fy Neatjy and dimimfied iy. Cold, as 
it is (dfer%ed to he^ and the Airs being 

vjery vull ino^Jifn to, MathemaUcians^ to "vuiHim I addrefs lUs 
Ifote^ Body can only aSt upon Body, according to the Sum 
or Offfermu (f flk^V Motions^ It remains therefore^ tha 
the tvJO'DiJpofitims herein mentioned^ ere not the Reftdt of 
4my materia! Gaufe whatever : J^hich is one ParC of the 
Pr^pofiiion to ke dtmonfiraied. 

As to the other Difpofition in Bodies^ their Repuliion, 
fiue Rays of Light are alfo affeSted by it^ as it appears they 
4tr£ by an &«pieriment. of Sir Ifaac NcwtonV, referred to in 
the foregoing Note^ it may very reafonahly be fnppofed^ though 
nxH donU at prefent know the exa£t Law of its AStion^ to 
ajfeSt Bodies in Motion after the fame Manner that it wotdi 
do that fume at Refl^ and that it therefore is alfo the Refuli 
cf ne itifiCcrtal Caufe whatever , 

(c) The Law or Manner wherein thefe Principles oire: 

ohfer^uei to- aSl in different Cirtumflances^ are determined 

fi-om Fa^ij in Part h Cbap./^. The Law of the thirds 

fo far as it relates to the Air^ will be found^ in Part IL 

Chap. ^. of this Campcndium. 

at 
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ai the fame time affeBed by the firfi 
Principle, the Phaenomena of the Winds 
are explained. By the fecond Principle, 
the Cohefion of Matter, the various 
Degrees of Hardnefs obfervable in itj 
the Dijfolution of Bodies by Fluids, 
with other chemical Operations; and in 
particular the PhEnomena of Fermeh^ 
tation, and confequently the Caufes of 
Thunder and Lightning, &c. By this 
Principle alfo the rifing of Fluids in 
fmall Tubes, and from thence the afcent. 
of Sap in Vegetables are .accounted for j 
all which Particulars, except the two 
firjl, are treated of in thefecond Part 
of this Compendium : as alfo the Re- 
fraClion of Light, and confequently all 
that Train oj Pha^nomena depending 
thereon, which is the SubjeB of the 
third Part. By the firfl Principle, the 
feveral Circumftanees relating to falling 
Bodies, and to the Motion of ProjeC" 
tiles, together with the DoBrine of 
Pendulums, (treated of in the firfi) 
and 
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and likewife all tbofe which relate ta 
the Prejfure of Fluids (treated of in 
thefecond Part) are determined. - And 
above all is deduced that mojl curious 
Do&rine of central Forces, jujl touched 
upon in the firjl^ but largely and fully 
explained in the fourth Part^ by which 
(ajfuming that the heavenly Bodies rdoere 
atfirjl put into Motion by their Creator) 
w^ are enabled to afftgn the.Caufe of 
the Continuation thereof^ with all its 
Modifications and Irregularities ; to 
determine the neceffary Shape ofthofa 
Bodies ; and to account for the ebbing 
and flowing of the Sea^ &c. Difficult 
tieSy too great feemingly for human 
Reafon to furmount / 

Some of the Phaenomena which I 
have not been able to give a fatisfaSiory 
Account of from the abovementioned 
Principles^ are the Refle&ion of Lights 
its EmiJJion from luminous Bodies ^ and 
the Formation and Afcent of Vapour^ 
This may be only owing to the want of 
better Acquaintance with the Circum- 

fiances 
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Jhnees ef tbo/e Phanomena j that //, 
morefuffiekni Data, or FaBs to found 
their Sohitkm upon : So that we are 
ftot to conclude immediatefyf that the 
Prmcipies are mfufficient ; ^ut rather 
to wait with Patience : The jyUigence 
of others may render that eafy^ which 
our utmuft Efforts at prefent are not 
ahk to fur mount* 

f 

Hawi'oer^ as a Rsader unacqumnted 
with Studm of this Kind^ may wonder 
thatfo mofiy of the Phaenomena or Ap^ 
fearances of Nature^ fheuld be ae-^ 
counted for by fo few Principles ; and 
becaufe it may be a Means of givir^ 
him fome Infighr into the SubjeSi of 
tbefe Sheets, / will here lay down the 
folloming Proportions^ which are imme^ 
diately deducible from the PrincipU^f 
and alfo nearly conneBed\with the Phae* 
nomena tot he atamnted for by them*^ 
by means of which^ he will mvre readily 
perceive the GonneBion or Relation be^ 
tmem the me mtd the other. 

Propositipn 
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Proposition I, 

M«tt€r is an unaBive Subftance> 
tBa^ is, it i$ quite wdt^reQt either to, 
MoliaR or J^eft; infomuch that die 
kaft Force ajuaginablc a<9iftg upon it 
will moN^ itj if ^t Reft; aiid aitci: 
its Courfe when moving : Ajtid farther 
Qo Bodjr has a Pow^ either of putting 
k fclf into Motion, or of flopping or 
altering its Courfe when it does move. 
Notwithftanding which, every Body 
^S(^ upon all others (provided their 
DilUcK^es be not too great) perpe- 
ttjally cn^voiiring to pnt them intp 
Motion. 

Hence we have the true Idea of the 
Gravity or Weight of Bodies belonging 
to the Earthy and their Difpojition to 
defcend towards it on all Occafions. 
l%ofe Bodies are equally indifferent to 
Motion or Rejl ; but by Virtue of the 
frjl Principle are attroBed^ that isy 
drawn towards the Sun^ the Moony the 

reft 



b.. 



xiy PREFACE. 

refl of the Planets, and the Earth ; hut 
towards this lajl more firongly than to- 
wards any of the reft; and fo they tend, 
^vitate, or are heavy tcrwards that: 
The Reafon that they are aitraBed more 
forcibly tomards the Earth, than towards 
ihofe other Bodies, is, that although it 
ie one of the Laws of the firjl Prin- 
ciple, that it operates according to the 
Quantity of Matter in Bodies, and 
therefore the jlttraBion of the Sun 
fhould he the mofi prevalent, in as. much 
OS that Body contains the mojl Matter ; 
yet it is another Law of that Principle 
or Difpofttion, that it atis more firongly 
according to the nearnefs of Bodies to 
each other: This latter Confideration 
in the prefent Cafe, overbalances the 
former ; and fo the Bodies about us 
tetid towards the Earth. 

Proposition II. 

If a large round Body be covered 

eveiy where with fmaller ones to an 

gqual Height or Diftanpe from its Sur- 

fepe 5 
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&ce; and if thofe fmaller ones tend, 
towards the large Body, by virtue of 
the firft Principle, and are, at the lame 
time, difpofed to fly from each otha* 
by virtue of the third ; and fuppofing 
farther, that when they touch or are 
very near each other, their Diipofition 
to avoid each other exceeds their Ten- 
4ency to the large Body, and when 
they are at a CQ-tain ^eater Diftance 
from each oth^r, t^at Pifpofition is 
lefs than their Tendency to the largp 
Body : Then will thofe fmgller Bodies 
keep at certain Diftances from each 
other, and conflitute an elqfiic, com- 
preffible Subflance furrounding that 
large Body, and gravitating towards 
it Qn all Sides. 

Hence an Idea af the Nature and 
(Condition of the Atukofphere /urrmnd- 
ing the Earth, with all its Properties, 
■ N. B. fF'hen I fay a Body trends to 
another y I dont mean that it moves to- 
^(trds it) hut only that it would move 

. fowards 
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towards 4ty if nothing prevented » Ihuty 
a Bird nvbile imunting aloft into tihe 
Airy tends towards the Earthy as much 
lis one that is falling dthm ^ for the one 
*mould fall as well as the other ^ if no-^ 
thing prevented* 

Proposition III, 

r 

If, while tJic abovethentioned'fhiialkr 
Bodies are in tlie State fuppoTe^ in the 
foregoing Propofition-, any oney of more 
of them, be made to nioVe Tupfjofe for 
Inftance half way) towards the next, it 
will by virtue of the third Difpolitioh, 
drive or impel thofe it comes rieaper to, 
clofer together; which Bodies, when 
that other moves back again (as it 
will immediately do, being repelled by 
them) will recede from each other 
again : That is, a kind of tremulous 
Motion will be communicated to th^n 
by that other, and for the like Rea{(»i, 
by them to the n^t ; and fo on through 
the whole, or at Icaft to a great Dif» 
tance from where it began. 

Hence 
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Hence wi may form an Idea how 
^imd is excited by the Tremors of a 
Body during its Vibration^ and prdpa^ 
gated through the Air 4 

Oii6 of the Laws by which the 
iecond Principle is obferved to aft, is^ 
that Bodies aS: upon one another, not 
in Proportion to the Quantity of Mat-^ 
ter they Contain', as by the firft Prin- 
ciple ; but only according to the 
Largenefs of their Surfaces, and the 
neame^ of the Surface of one Bodly 
to that of another; 

From hence ive may underftandy that 

fuch Far ticks of Bodies as are fiat of 

fquare^ and fo fitiiated among each other 

as to touch of be very near one another 

in many Points^ will confiitute what we 

(all an bard Body, and thofe Particles 

b which 
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which are more rounds or fo fituated 
that lifs Portions of their Surfaces are 
Tuar together, will ottraB one another 
with a lefs Force, and fo form a fbfter 
Body ; thofe which are round, or nearly 
fo, will attraSi one another fiill lefs, 
and alfo fide more eafUy over one ano- 
ther, and fo form what we call a fluid 
Body. 

Proposition V. 

Whe^ two Bodies meet togetbpr, if 
the Particles which ebnftitute the one, 
be difpofedi by Virtue of the iecocid 
Principle) to move towards thofe of the 
other with a greater Degree of Force, 
than the Particles of either Body are 
difpofed tQ move tow^ds themfelves ; 
thofe of the firft will leave it, aiid run 
in among thofe of the fecoi^ : Andibr 
the iame Reafon, thofe of the fecon4 
will fever from that, leave it and enter 

in between thofe of the firft. And if 

the 
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tjie Mbdon with wHich this is done, be 
very violeDt, and* tke Bodies be of the 
inftammabieiijBdj'tkeirFarticies by tkus 
rubbing and clafliing one againft ano- 
tfiaf Will be ^^kntly heated to^ take 
Fkey and w'M hw& out into Fl^aae. 

MefK& E)i;fibkitk>aSy FermcntECticais, 
Explofions, Eruptions of Vulcano's, 
Thunde^ Lightning, Aurora Borealis. 
J^ith all other • Phaenomena of that 
Tribe, 

Prop-OS iTioN VI. 

If a Pipe, o|ien at both Ends, and 
of a very fma^I Bore, have one End 
dipped iffto Water^ the Water will run 
w^ into* the Pipe abbve the Sui^ce of 
the Water on the outiHide (being drawn 
up by tBie Tendehcy it has by the 
iecoild Fn&ct^ tR> that Part oi the 
inner Suifa<i6 of tibr Fijpe, which is 
jaft abovr k,. as it tifes) till that inner 

b 2 Surface 
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Surface which is flill juft above it, be 
loaded with as great a Weight of 
Water as that Tendency can fupport. 

* 

Hence a right Notion of the Afcent 
of Sap in Vegetables \ the Suction of. 
Fluids by Spunges : With all other 
Phsnomena redticible to that Head* 

Proposition VII. 

If a Body moving right forwards, 
but obliquely with relpeft to the Sur- 
face of another Body, at length comes 
fo near that Body as to be difpofed by 
the fecond Principle to tend towards 
it ; inilead of continuing to go right 
on, it will turn out of its Way towards 
that Body before it comes at it ; and 
confcquently ;ivill ftrike or enter it in 
a nearer Places and in a lefs oUique 
DiredHon, than it would have done, 
in C3&: it had gone right on. If it 
enters the Body, it flill keeps turning 

out 
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out of its Courfe the feme Way as be- 
fore, till it has got (o far within it, that 
there fhall be as many Pardcles of the 
Body behind it to attrad it backwards, 
as there are before it near enough to 
attrad: it forwards : After which it goes 
right on in its laft acquired Diredion, 
till it comes near the other Side ; for 
while it is furrounded with as many 
Particles to attra<^ it one Way as ano- 
ther, it is the fame thing as if it were 
not attracted at all. When it has 
got fo near the other Side, that there 
are fewer Particles before it to attrad it 
forwards, than there are behind it, near 
enough to attrad it backwards, it then 
begins to turn but of its Courfe towards 
the infide of the Body ; that is, from 
that Side of the Body towards which 
it is going ; and continues to bend its 
Cpvftfc the fame Way, till it has got fo 
far out of the Body, that there are no 
Particles of the Body behind it, near 
enough tQ it to attrad it any more. 

b 3 After 
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After wJbich it pur^yes %n ii^iftvrM 
Courfe in the pir^^op it gcqi^ed 
laft pf alW 

Hence we have a juft Idea of the 
Refradjon of Light with all the Phae- 
nomena arifing therefrom \ which are 
no other than fo many Cafes of thi$ 
Propojition, 

Proposition VIII. 

If fevetal Bodies he moving right 
forwards, and at leogth he attraded 
by another Body, as fuppoTed in the 
foregoing Propofition, but fome with 
greater Degrees of Force orlntenfenefsj 
than others ; thofe which are attrai^ed 
with the greateft Foffce, will turn the 
far theft out of their Way towards that 
Body ; and confequcntly if aU of them, 
before this happened, were moving in 
pl^e Pi?e^ion, they will be made to 
part ffora each other, and move dif« 
ferent Wa»ys» 

Hence 
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Hence an Idea ef the dii&rent Re- 
frangibility of the Rays of Light. 

Proposition IX. 

If s Body be made to move fr oim 
another Body, towards which by the 
firft Principle it tendsj its Motion will 
be retarded continualfy; that is, it will 
move flower and flower : If it moves 
towards that Body, its Motion will be 
continually incrcafcd ; and unlcfs it be 
made to move diredly to or from it, 
its Gourfe will always keep bending 
towards it, (o that k fliall defcribe a 
Curve, concave, or hollow, on the 
Side next the Body. 

Hence all the Phenomena of falling 
, and of Projediles. 
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Proposition X. 

If a Body, that by the fifft Prindple 
tends towards another Body, moves 

b 4. towards 
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towards it pn the Surface of an inr 
clined Plane, its Motion (as in thp 
foregoing Propofition) will be continu- 
ally incrj^fed ; and if it moves from it 
on the fame Hane, its Motion will be 
retarded continually, but lefs ip. Pro- 
portion to th^ Pbliquity of the PJane : 
(that is, l^fs i^ Proportion as the Plane 
.deviates from the PerpendicuW) thjs Inr 
terpo^tion of d),e Plame preventing in 
fome Meaiure tlie £f]Fe6fc its Tendency 
Jo tt^ other Body, yv^ould ptherwife pror 
.dpce, And the Velocity it acquires by 
rplling dowp one Plafie, will by virtue 
pf its Ina&iviiyy or that Difpofition 
^qdie^ havje tq continue their State of 
Motion or Reft, inable it to roll up 
another ntlv difpofed. 

Hetice the Solution of the Vhssaor 
mena of Bodies defcending on in- 
clined Planes, and the Vibration of 
Pendulums. 



•W».t <.».J.| 



fROPOSITION 



f R E F A C 1. Kxv 

Proposition XI. 

If a Body, aded upon by the firft 
Principle, be caufed to move to or 
from another, in any other Direction 
than fiich as pafl^s dirough the Center 
of that Body, the firft Body when left 
to itfelf, wUl besin to bend its Courle 
towards that other Body ; and if the 
Diredion it moves in and the Velo- 
icity it moves with, ])e properly ad?- 
jufted 1^ each other, it will move 
quite round that Body without touch- 
^g it or coming to it : and if that 
Adjuftinent be fuch, that the Body 
fhall return to the Place it fet out 
from with the fame Velocity and Di-r 
redion it had when it was there be- 
fore, it will revolve round that other 
Body over aiid over again in the fame 




1. •• , ^ . 



From 



XKvi PREFACE. 

From hence we have the Solution of 
the Motion of the primary Planets 
.9onnd the Sun, and of the fecondary 
ones round the Primary. . 

Proposition XIL 

If a Bddy be nevdiving about ano- 
ther as in the laft Propofition, and a 
third Body approaches them, towards 
which they both fhal! alfo tend, the 
Motion of the revolving Body will be 
difturbed : That is, its Path will be 
altered, and Irregularities in its Courfe 
will enftie ; becaofe its Tendency to 
that third Body in fome Parts of its 
Courfc vsHfU confpire with, and in others 
perhaps be oppofite to its own Motion. 
And not only fb, but the Tendency it 
has to the Bo<fy about which rt revc^ves, 
will in fome Situations be increaled, and 
in others be diminiflied by the Adion 
of the third ; which will alfo conduce 
towards altering its Courfe. 

Hence 
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Hence the Lunar Irregularities, and 
all. other Oiibirbances in the Motion 
of the Heavenly Bodies on their too 
near /Approach towards each other • 

Proposition XIII. 

Imagine a large Body covered all 
ever widi finaller ones tending to its 
Center: Suppose alio a diflant Body, 
towafds which they all tend, but the 
Uttk ones with lefs Degrees of Force 
liian they do towards the Body they 
cover. Then will fiich of thofe 
fiosdler Bodies, as ^qre neareft the diP> 
tant one, lofc Part of their Tendency 
to the Body they cover ; and fo will 
diofe iinalier ones \diich are fartheft 
o£F, or placed on the c^pofite Side the 
large Body. But, as to thole fmaller 
Bodies, which are at the fame I>iA< 
tance from the diftant Body with the 
Center of the large Body itfelf, their 

Tendency 
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Tendency to the Body they lie upon, 
will be incrcafed. The reft will have 
their Tendency incrcafed or diminifhed 
more or lefs, according to their Near- 
nefe to thofe whofe Tendaicy is in- 
crcafed or diminifhed the moft (d). 

Hence arifes the Difference in the 
Weights Bodies have upon the EartUs 
Surface^ at the Approach and De- 
parture of the Heavenly Bodies, (but 
chiefly of the Moon,) to or from that 
Side of the Earth where the Bodies are ; 
end confequently the ebbing and flowing 
cS. the Sea, the Water rifing where its 
Weight or Tendency to the Earth is di- 
minified, and finking at the fame Ttme 
in thofe Places where its Weight is 
augmented. That the Approach and 
Departure of the Moon fbould caufe a 
greater^ Difference in the Weight of 
Bodies on the Earth, than the Ap^ 

(i) What is affiim^ in diis and the fQicgoine; Prppofitioo, 
depends on a Train of Reafoning tiQQ Iqng to be inserted here. 
To underftand it throughly, km Chapters (he i8th and 19th 
«f Fait the Fourth; 

I proack 
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f roach and Departure of the other 
Heavenly Bodies^ is owing to the near-- 
nefs of the Moon to the Earth ; which 
Conjtderation in this Cafe overbalances 
the Conjtderation of her SmaJlnefs^ the 
above-mentioned EffeSis depending in a 
great Meafure^ oh the Proportion the 
Diameter of the Earth bears to the 
Diftdnce of the Heavenly Bodies. 

Proposition XIV. 

If a Body, whofe Parts tend to the 
Center thereof, con£fts wholly of a 
Fluid, or be partly folid and partly 
fluid, provided fome of the Fluid be 
at the Surface, and very diftant Parts 
thereof communicate with each other ; 
and the Body have no Motion about 
its Axis, it will fettle into a fpherical 
Form, the mutual Tendency of its 
Parts towards each other, contraAing 
it into the lead pofUble Shape. But 
if it revolves about its Axis, all its 

Parts 
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Parts will endeavour to fly off from 
that Axis ; bot fiich as ate ^o-thefE 
fixMn the Axis, more than the reft: 
Confequently thdfe Parts in its Surfaee^ 
which are the fartheft hota the Ex-'. 
tremities of that Axis, being alfer ht-^ 
theft from the Axis itfelf, wiU have a 
greater Endeannour to fly off, than 
ftich as are nearer thofe Extremities ^ 
befldes, as is evident, the former will 
endeavour to fly off diredly from the 
Center, but the latter not fb. The 
above-mentioned Endeavour therefore 
in the former wrtt take off a much 
greater Degree of- their Tendency to 
the Center than the Endeavour of the 
latter will ; and fince the feme may 
be faid of thofc which are at any other 
aflignable equal Diftanccs from the 
Center, all thofe which lie between 
the Center of the Body, and fuch, as 
M-e fartheft fronr the Extremities of 
the Axis, will have their Tendency w 
the Center much more dinlinifhed} 

than 
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than thofe will, whkh.lje between the 
Cester aa4 the faid Extremities ; Thdb 
latter Farts therefore will prefs in to~ 
wards the Ceficer» offff Glance the f<^* 
laer, aoid ia% them tx> a greater .DiP> 
tance froini it thaa they were at before, 
reftorihg thereby an Epnhbriupt of the 
Farts of the JBbdy one among anotheir* 
On which Accouot the Body wjU af- 
Aime a flatti/h or obkte Form. That 
is, fuppofing l^ioes drawn through the 
middle of its Axis at right Angles there- 
with, tho& lines will be kt^then'd and 
the Axis, iti^ wiU h^ ih^rtea'd. ', 

Heme the Figures of the Heavenly 
Bodies. 

FftOPOSITlON XV. 

/ 1 

The Impetus or Force wherewith a 
Body in Motion endeavours to proceed 
forwards, depends not only on ths 
Qijantity of. Matter in^ th^t Body, but 

likewife 
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likewife on theSwiftnefs the Body moves' 
with : Thus, the Stroke of an Hammer 
is not only according to the Bulk or 
Weight of its Head, but is alfb accord-' 
ing to the Swiftnefs of the Motion it 
ftrikes with. If therefore two Bodies 
of equal Quantities of Matter be (iif- 
pended at the Ends of a Lever of equal 
Arms, each of them when the Lever 
turns on its Center^ having equal De- 
grees of Swiftnefs or Velocity, will 
therefore have the lame Impetus or 
Force whereby they endeavour to pro^ 
ceed (being in iike Circumftances with 
refpe<9: to both thole things, which 
alone can give the one a Force or Ten- 
dency to move with, fuperior to tht 
other) and confequently neither of them 
will preponderate. If one of the 
Bodies be larger than the other, the 
larger Body having the lame Velocity 
with the other, but more Matter, will 
have the Advantage, and preponderate. 
If the Arms of die Lever are unequal, 

and 
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aend the Bodies equai, that Bodjr which 
is at the greateft Diftance from the 
Center of Motion, moving the quickcf^, 
will have the Advantage over the other 
that way, arid overpoife it. So that 
the leaft Body or Power, imaginable, 
mny be made to equiponderate, over- 
poiie, or keep in Motion the greatcft, 
by being applied to fuch a Machine, 
and in fuch Manner, that when the 
Machine moves, what it wants in 
Weight or Force, may be made out 
by the Velocity it has, compared with 
the Velocity the Body ha$ at the fame 
Time, which is to be equiponderated, 
over-poifed, or moved by it. 

This hplds equally in all Machines, 
and is the Foundatbn of their Theory. 

Proposition XVI. 

Imagine the Surface erf" a large round 
Body to be covered every where, or in 

c Part, 



[. 
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Part, with fmaller ones to an equal 
Height, and that thefe fmaller ones 
tend towards the large Body by the 
firft Principle ; imagine alfo the whole 
Mafs of fmaller ones divided into Co- 
lumns reaching from top to bottom; 
thofe Columns, if their Bafes be equal, 
will equiponderate, or be an equal 
Counterpoife to one another ; and fb 
they will, if their Bafes be unequal : 
For in this Cafe the Columns being of 
unequal Size in Diameter, if a larger 
Column fubfides, the lower Parts of 
that Column (to find Room for them- 
felves) will raife a fmaller Column 
farther than the larger one fettled in 
the fame time, and in fuch Proportion 
that, what the little Column wants in 
Weight, will be made out to it in 
Velocity ; and confequently, accord- 
ing to what was fhewn in the fore- 
going Propofition, the little Column 
will be a juft Balance to the greater. 

Farther, 
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Farther, if in the abovementilned 
Suppofition, there be a Body among 
thofe fmaller ones, heavier than a 
Bulk of them equal to its own Bulk, 
a Column of which that Body is a 
Part, will be heavier than any other 
Column of an equal Bafe ; it will 
therefore fubfide, permitting the Body 
to come to the Bottom : if the Body 
be hghter than a Bulk of the fmaller 
ones equal to its own Bulk, a Column, 
of which it makes a Part, will be 
lighter than any other ; the Body 
therefore will be buoy'd upwards, till 
it riles fo far out above the Surface, 
that it, together with the Column 
below it, may be a Counterpoife to 
another Column of equal Bafe. 

Hence the Effeds of the Preflure of 
Fluids upon one another y and upon 
Solids immerfed in them. 

c 2 Proposition. 
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' Proposition XVII. 

Imagine the Surface of a large 
(ound Body covered every where, or 
in Part, with fmaller ones to an equal 
Height; and that thefe fmaller onqs 
tend, towards the large one by the firft 
Principle, and that they are at the 
fame time difpofed to fly from <nie 
another by Virtue of the third, con- 
ftituting thereby an elaftic SubAance 
furrounding that large Body, as in 
Propofition the fecond ; and let them 
be divided into Columns, as in the 
laft Propofition. And let it be far- 
ther (uppofed, that the rMfpofition in 
thofe fmaller Bodies, whereby they 
endeavour to depart from each other, 
is capable of being increafed by Heat ; 
and that at the Bottom of fome of 
thefe 'Columns, that Difpofition is ac- 
tually increafed, but no where elfe, 
or at leaft not in fo great a Degree : 

then 
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then will the Bodies, , where that Dif- 
pofition is incredfed, difiufe them- 
felves into a larger ^)ace, and fo 
taking up more Room than an equal 
Number in the neighbouring Columns,, 
a Column of which they are a Part,, 
will become lighter than a neighbours 
ing one of an equal Bafe. For, fincfe 
the Bodies in the lower Parts of this 
Column are more diftant from each 
other, than fuch as are in other Co- 
lumns, this Column cannot contain fb 
many of them ; that is, it cannot be 
fo heavy as another of equal Bafe, un- 
kfs it be longer ; that is, unlcfs the 
tippcrmoft Parts thereof Aand out 
above the Tops of the neighbouring 
Columns ; but this they will not do ; 
for by Virtue of the Tendency thofc 
Parts have to the large Body, they 
will immediately (like Water railed 
above the Banks, which before con- 
fined it) Ipread themfelves every Way^ 
This Column therefore, which, ac- 

c 3 cording 
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cording to the foregoing Proposition, 
before this happened, was a Counter- 
poife to thofe, which are round about 
it, being now become lighter, is no 
longer fo. The Confequ^ce of which 
is, that the lowermoft Parts of the 
neighbouring Columns, will prefs in 
under this from all Sides to reftore the 
Equilibrium. Neither can the Equi^ 
librium be reftored, fo long as the 
Place we have been coniidering re- 
mains hotter, than thofe which are 
round about it* ^ For, iince the Bodies, 
that come in, will fpread themfelves 
into a larger Space by Means of the 
Heat they receive there, and fill up 
more Room, than the like Number iii 
another Column of equal Bafe, the 
Column to which they belong, will, 
for the Reafons abovementioned, al- 
ways be lighter than another of equal 
Bafe, And confequently, according 
to the Tenour of the foregoing Pro- 
poiicion, the neighbouring Columns 

will 
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will overpoife it, whatever Dimenfions, 
as to their Bafes, we fuppofe them ta 
be o£. 

- Imagine the like to happen to a Co-- 
himn or Columns of the RartUi At-^ 
mofpherey and the lower Parts of the 
neighbouring Columns rujhing in ac-- 
cordingly at the Bottom from all round y 
and you have an adequate Idea of the 
Caufe and Nature of the Winds;. 
every Stream of the Particles of the. 
Atmofphere ruping in^ as above^ being 
a dtfUnB Wind blowing from that 
Point of the Cx>mpafs from which they 
come. And if you conceive the Center 
of that warmer Space to fhift^ its Place 
varioujly upon the Surface of the 
Earthy you then get the Idea of the 
federal Sorts of them^ as the Trade 
Winds, Monfbons, &^c. For Injiance^ 
if it jhifts regularly along the fame 
Patby it caufes Trade Winds ; if now 

c 4 forwards^ 
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forwards^ and then iachvards, Mon^' 

T^hefe are the Principal Phsenomena 
in Natural Philofiphy that are inde^ 
pendent of each other j the refi are for 
the moji Part^ no ether than fi many 
particular Cajes^ Circumjiancety <^r 
Confequences of thefe^ or^ in fbor% em 
^ay or other related to them. For the 
Solution of which^ I refer the Reader 
to the Book it felf. 

From a due Conjideration of the 
Propoftions here laid dffwn^ the Reader 
mil be able to form a true Judgment of 
the Nature and Bufinefs of Natural 
Philofophy ; nioill fee the Uniformity 
and Gonnftency of the feveral Parts 
thereof with each other ^ and therein the 
wonderful Wifdbm and Contrivance of 
the fupreme Being, in choofng fo port 
and eajy a Method of producing fo great 
a Variety of EffeSis. 

"There 



« 
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^bere is one Thing more I think 

proper- to be taken Notice ofy before I 

put an End to this Preface j viz. That 

it has been a Jianding ObjeBion againji 

mil Natural Philofophy in general \ 

that whereas it afcribes Effe&s to na-* 

tural or mechanical Caufes^ oBing by 

£xed and unalterable Laws, it there-- 

fore excludes a Providence and the 

immediate Care and ProteBion of the 

iupreme Being, making him no other 

than an Idle Spe&ator of Things here 

below. 

In Anfwer to this^ it is to be conji" 
dered in the firfi Place^ that the Prin-^ 
ciples of the Philofophy which is now 
received^ are fo far from being mecha- 
nical Cauies, at leaji thofe which are 
here made Ufe of that^ as above demon- 
crated^ they are the very Reverfe ; and 
confequently can be no other than the 
continual aBing of God upon Matter^ 
either mediately or immedifitely. Confe-- 

quently 
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quently NaturaL Philofbphy, by en-- 
deavouring to account for the Phasno- 
mena of Nature by thofe Principles y tP 
is evident that it is fo far from ex- 
cluding the Deity from being concerned 
in the Affairs of this World \ that it 
tends to Jhew that none are performed 
without his Order and Dire&ion. 
Neither^ fecondly^ does Natural Philo- 
Ibphy inculcate^ that the Laws by which 
thofe Principles aSiy are fixed and un- 
alterable : The Accufation is therefore 
foreign. But to conjider this Matter c^ 
little more particularly. 

When^ in Natural Philofbphy,. a 
Principle is faid to a£i according to^ 
a particular Law ^ the Meaning' is. not y 
that it aSis necejfarily and unalterably 
fo ; but only^ that it does fo ordinarily^ 
and in common Cafes^ Doubtlefs the. 
Author, both of Matter and of thofe 
,very Principles by which it aEisy cany 
notwithjlanding thofe PrimipleSj caufe. 
it to be not differently from what it 

would 
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would do in confequence of them aloney 
and Jo by that means produce Effe&s 
contrary to the common Courfe of Na-- 
turcy whenever hie jhall think proper. 
That he has donefo^ when wife Ends r en- 
quired it^ appears from Hiflt^y. I'hat 
it may he done . a I'houfand Ways^ unn 
perceived by uSj is evident^ For InJlaneSj 
though Lightning may be accounted for 
by thefe Principles ; and in all Proba-- 
hility is ordinarily the Refult thereof y 
yet who will affirm ^ that in any one 
particular Cafe^ that thofe Principles 
formed that very Lightnings or that 
its Courfe was direSied by them P Upon 
the whole therefore^ to prefume^ that the 
ordinary and common Courfe of Nature 
is not fometimes altered^ is hafty and 
unwarrantable. 
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The INTRODUCTION. 

O wild and extravagant have been the. 
Notions of a gccat gart of Philofbphers, 
both ancient and modern* that it is hard 
to determine, whether they have been 
more diftant in their fentitnents from truth, or 
from one another 5 or iiavc not exceeded 
the fancies of the mbft fabulous Writers, even 
Poets and' Mythologifts. This was owing to a 
precipitate proceeding in .their featching into 
Nature, their neglefting the ufe of Geometry and 
Expcrimenti the moft * neccflary helps to the 
finding out Caufes gnd proportioning them to 
their Effe<as. 

Their manner of Philofophizing was to 
jivc bodies certain arbitrary properties, fuch as 

A bcft 
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2 The INTRODUCriON. 

bcft fcrv'd their purpofe in accounting for th^ 
Phxnonaena ^ of Nature \ from whence pra- 
ceedcd f© many various Scflts of Pbilofophcrs \ 
every one afcribing a different caufe to the 
lime appearance, as his particular genius aiul 
imagination led him. 

The chief agpcemep^ qbfcrvablc among moft 
of the Ancient Philofopheis confifts in thiSy 
VIZ,, that they conceived afl bodies as compo* 
Jitions of Air, Earth, Fire, and Water, or Tome 
one or more of thefe, from whence they ac- 
quired the name of Principles or Elements, 
which they ftill retain^ 

Epicurus advanced a little farther, and tf(^ 
fcrtecf, that though bodies con fifted of fome 
oifc or' more of thcfc, yet that they were not 
flriaiy Elements, but th,at they themfelvcs con- 
frftcd of Atoms J by an accidental cpncourfc of 
which, (as they were moving through infinite 
fpace in irnes nearly parallel) all things received 
their Torni and manner of Exiftence t- 

Dks Cartes has contrived an Hypbthefis very 
different from the reft, he fets out with a fup- 

* By a PhaenorneiTon of Nature is meant any motion or 
fituation of bodies among one another, which oiFersJtrielf to the? 
notice of our fenfes, and is not the immediate reful't of the a^Uonr 
of an intelligent Being, 

t I^or the Opinions of the Ancient PMlofophcrs confult Diage-^. 
pes Laertius and Stanleys Lives* • ^ ' 

politioA 



The INTROBUCriON, 3 

poHtioQ that the Univtrfc at firft was entirely 
fall of matter, that, from this matter when 
firft put in motion, there would ncccflaril^ be 
rubbed off (by the grinding of the feveral parrs 
one againft another) fome panicles fufficicnt- 
2y fine to pais through the hardefl and moft 
ifolid bodies without meeting with any rcfift- 
ancc : of thefc coniifts his Materia fuhttlh, or 
Materia frimi Elementi. He im^ntid that from 
hence alio would refult other particles of a glo- 
bular form, to which he gave the name €^Ma- 
ieria fecmuii Elementi. Thofe which did not fo 
far lofe their firft figure, as to come under the 
<ienomination of Materia prime or femndi Ele^ 
mentis he call'd Materia tertii Elementi 5 and main- 
tained that all tiie variety, which appears in na- 
tural bodies was owing to different combina- 
tions of thofe Elements. 

He likewlfe iuppafes that God created a 
certain quamtity of Motion and allotted it to 
this mafs of Matter, which therefore (being 
43reated) can no more be ann^iiated without 
an omnipotent hand, cban Body it felt 5^ ia 
confequence of /^^hich i^ was obliged t# 
ceach,/that the ijuantity; loS motion is al* 
ways the fame: fo that if all the Men and 
Animals in the World ^erc moving, ycjt 
41ill there would be no ^aofe .roo^ionj jhari 
whea i^ey wire at reftj the. motion loft 

A i bcin§ 
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being transfcr'd to the ypthcr. Sp unac- 
countable are the notions of this great Phi- 
lofopher, that it is forprizing his dodrine 
Ihould have met with fuch univcrfal recep- 
tion, and have got fo ftrpng a party of Phi- 
lofophers on its fide, th^t notwithfianding 
it was more abfurd, than the Schoolmcns 
Subjiamid Forms, they njuft all be exploded 
to make way for his ingenious Hypothefis. 

Des Cartes has been faid by a late Wri- 
ter * to have joyned to his great genius an cx- 
quifite skill in Mathematics,- and hy mixing 
Geometry and Phyfics together to have given 
the World hopes of great improvements in the 
latter- But this Writer ought to have been 
told that what he look'd upon in Ves C^tes'% 
Book of Principles as Demonftrations, are only 
llluftrations, there not being a Demonftration 

from Geometry in all his Philofophical Works f. 

» 

• • ' . ' . • 

The prefcnt method of PhiIofophi2ing.efta^ 
blifh'd by Sii Jfaa^ Newton is to find Out .the 
Laws of Natdrc by experiments and obferva- 
•ions. To this,^/with a.^^ropcr appiiea)ti|oni of 
Geometry, is oiiv^ing the : great . advantage: the 






- J* Mr. Jf^ptWf\ in:. V^. Refleaiom;t)n ^cient and, Modem 
Lcarninc:. . * . 

•f.See this Subjeft difcufs'd more at large in tCeiPs Intrbduaion 
to his ExaraiiMitidn of Dr. Buti^f^ Theory Wi Seq6nd;E<fitioo: 

r • 

■ - * • 
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:rh.t INTRO DUCTION. 5 

pTcfcnt Syftcm of Philofophy hiisover alt'thfe 
preceding ones, and the vaft iofl^fovetticrit- it 
has received within the laftAgc.' It isind^ed 
in vain to imagine, that a Syftera of Natufri 
Philofophy can be framed by any other me- 
thod: for without ' obfetvatiotis' it is impot^ 
Jible we Hiould difcover the Phenomena of 
Nature, without experiments we muft be ig- 
norant of the mutual a£^ions of bodies, and 
without Geometry we can never be certain 
whether the caufes aflign'd be adequate to the 
effe^ we would explain, as the various Sy- 
ftems of Philofophy built on other foundations 
evidently flicw. 

This wa firft 

propofcd b] by 

the Styal S tris, 

the honoui &c. 

What wojjdcrfu! advanceulcnt in the know- 
ledge of Nature may be made by this method 
of enquiry, when 6pndu£tcd by a genius equal 
to the work, will be bcft underftood by con- 
fidering the difcoveries of that excellent Phi- 
lofophcr laft mentioned. To him it is prin- 
cipally owing, that we have now a rational Sy- 
ftem of Natural Philofophy j 'tis he who, by 
putfuing the fure and unerring method of rca- 

^ See hit Nfviim OrgaaaO' 

foning 
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(boing from czpetiment aodoblcrvation. jojro- 
cd with the moA profound skill in Geomctiy, 
has catrycd his enquiries to the moft minute 
and inviiible parts of mattcr> as well as to the 
moft remote bodies in the Uniretfe, and has 
tftablilh'd a Syftem, not fubjca to the ubccf- 
lainty of a mete Hypothclis, but which (lands 
Hjpon the fixate Infis of Gcometiy it fclf. 



CHAP. 



C HA P- h 
75&« Properties of Botfy, 

IT being the defign of Phj(fics or Natural 
Philofophy to account for the fhxnomcM 
of the Material World* it muft be our method 
to begin with laying down the knowa propes* 
tics of Body. 

These are i. Solidity. 2« £xteniion« 3. Di- 
vinbility . 4. A capacity of being moved frraa . 
place to place. 5« A Pailivenefi orlnadivitjC 
Thefe arc all the eflential properties of Bodies 
that we are acquainted with^ and that they ar^ . 
cfTcntial, appears from what follows. 

I. Solidity^ called alfo In^pcnctn^bilitj) » 
that power which Body has of . excluding all 
others out of its place. 

That Body» asfuchi muft be. endued with^. 
this property follows from itsnaturc» for pther*^; 
wife two bodies might exift in the fame place* . 
which is abfurd. The fofteft are equally fo- 
lid with the hardefli for we find by expert* 
mentt that the fides of a Bladder filled with 
Air or Water, can by no means be made to 
come together "^^ 

• At FUrenci a hollow Globe of Gold was fillM with Wat«v 
and then eza^y dosM ; the Globe thus closM was put fnto a 
Pic(s driven by the force of Screws ; the Water finding no room 
for a nearer approach of its particles, toward each other, made it* 
way through the pores of that clofe Metal (landing in drops like 
Dew on the outfide, before the Globe wouM yield to the violent 
PreiTure of the Engine^ Y. Locki*s Eflay B. 2. c 4. 

z. That 



8 77)e Properties of Body. Part I. 

2. That Body is extended, iii fclf evident, it 
being impoflible to conceive apy Body which 
has not iengfh> breadth anct thicknefs^ that is, 
Extcnfipn. 

J. It is no itfs evident that Body is divi* 
fible, for ftnce no two particles of Matter <;aa 
cxift in the fanje place, it follows that they, 
are really dift&fl: from each other, whijch is all 
that is meant by being diviiible. , \ 

In ' this fenfc thr leaft concdvable particle 
inuft ftill be divifiblCf fince if will cpnfift 
of parts, which will be really diftinft*. To 
illuftratc this by a familiar Ihftance: Let the 
leaft imaginable piece of matter be conceived 
lying on a fmooth plane furfacc, -tis evident 
the furface will, not touch it evcty where, thdfc 
parts thcrcfort, ^hich it does not touch, may 
be fuppofcd fcparable from the reft, and (a 
oh as far as- we pleafe $ and' this is what is 
meant when we fay matter is infinitely divi* 

• * 

-^ This Propofidon Is 3eihonftiated Geometrically thus, fup- 
pofe the line ^Z> (Fig. i.J perpendicular to, JfF and another as 
GH at a fmall diftance from it alfo perpendicular to the fame 
Jihc ; wi^h the Centers CCC Sec, defcribe Cirtles cutting the line 
GH in the points e, e, e, &c. Now the greater the Radius ^C is^ 
the lefs is the part e H, But the Radius may be augmented in in- 
finitum, and therefore the pan eH may be dimiiliihed in the fame 
manner s and yet it c^n never be reduced to nothing, becaufe the 
Circle can never coincide with the right line Af ; confequently^ 
the parts of any magnitude reprefented by Gff mky be diminHhed 
in infinitum. ^ E. D. V, Keil*s Introd. ad Phvf. Pnel. 3, 4, 5;. 
■Qrfk'vefandi% £lcm, Math.Phyf. L. i. c. 4. ScfaoL 

How 
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dia^ i. the PMinkt of Body, ^ 

How' far' ittatttr may ai^uilly be divided, 
niay in f<5trtc mantier l^e conceive froiii hence *, 
that a j^icctf of Vl^ire^ gilt with (b fmall a quan- 
tity tfs 8 grains of Goldi ^^7 t^c dVawn put to 
trifelctagthofrsocJO feet, the wholfe fiirface of 

' if fflll remiiiting coVerM* with Gold t. , 
^ A quantity of Vitriol being difTdlvcd' and" 
^ snix'd with 9000 times as much Water, will 
tinge the whole*, cohfeqiiently the Vitriol will 
be divided into as many parrsr^as there are vi- 
able portions of matter in that quantity of 
Water ±.. 

TUwRt are I*effumes, which, without a fen- 
(iblc diminution of their quantity, fhall fill a 
very laf^ fj^alcc with their odoriferous par- 
tidb, wliicth;^ mu{f therefore be of an incon-. 
ccli^ablt iOtiallbefs, fincc there will be afufficicnt 
imnibet^ in every part of that fpace, fenfibly* 
td afffed^'ttfd, organ of Tmtlling. . 

4; TVat all matter is moveable' follows from 
its being .tfillte : and' to jJippofc it pofitively 

'» We"'have'sl'ftfrpH2Sfig*ififtkficc of *tKe minutenefs offome' 
|9itst>rMatter!fit)m!th'enatui^orLig|it and Vifi^n- Let a Can- 
41e be lighted and placed in aft open plane, it will theQi)e vifi* 
Me two mlle^ round, confequently was it placed two miles above 
tke furftW ofl tkfr-'Batth, it' would fill with lumitioito particles « 
Sj>he]««vwho£& ^i^meter Was foOT miles,'* and that bqfbrd it had' 
loft any rcniible.^rt of its weight. The force of this Argument' 
will- ap^r betlfet vrhttt the' Rekddf ii'acquaiitftd \vich th^ cau fe 
of Vifioh^ , , I.': 

' t ^«^« Introd. ad Phyf. Pncl. 5. Religion Philof. Con*' 

X Meitf. de r Acad. 1706. 

B infinite 



lo Vacuum* PartL 

infinite is abfurd, becaufe it conftfts.of part$^« 
5 . By t&c Palli vcncfs or Inadi vity of mat- 
ter, (commonly call'd its Vts IncrtU) is iricanr 
the propcnfity it has to continue its ftafe of Mo- 
tion or Reft, till fome external force a&s upott 
it; This will be farther explained, under th«< 
&:ft Law of Nature. 

C H A P. II. 

Of Vacuum, 

I. TJLACE void of Matter is call'd emptf 
JL Space or Facuam. 

II. Vr has been the opinion of fome Flu- 
lofophcrs, particularly the Cartejjians^ that Ma- 
ture admits not a Facuufn, but that the U- 
nivcrfe is entirely full of Matter, in confequence 
of which opinion they Were oblig'd'to aflcrt> 
that if every thing contained in a veflfel could be 
taken out or annihilated, the fides of that veO* 
fel> however ftrong, tt^ould come together 5 but 
this is contrary to experience* for the air may 
be drawn out of a veflfel by means of the 
Air Pomp, which will neverthclefs remain 
whole, if its fides are flrong enough to fup- 
port the weight of the incumbent Atmofphere; 

III. Should it be objc£ted here, that it is im- 
poilible to extrad all the Air out of a Veffel. and 

* Sec Mr. Iij%t;'s Tianflation of ABp. King dt Origint JS!al( 
Note $. 

chat 



Chap. 2. Vacuum. x\ 

that there will not be a Vacuum on that ac- 
count 5 the anfwer is» that iince a very great 
part of the Air that was in the VeiTel may be 
drawn out, as appears by the quick defcent of 
light Bodies in a Receiver*, there muft be fome 
vacuities between the parts of the remaining 
Air : which is fufficient to conftitute a Vtuuum^ 
Indeed to this it may be objeded by a Carte- 
fian^ that thofe vacuities are fili'd with Ma-^ 
teri^ fubtilis that pafles freely through the 
iides of the Veflel, and gives no reiiftance to 
the falling Bodies $ but fince the exigence of this 
fzmc Materia fubtilis can never be prov'd, wc 
are not obliged to allow the objedion, e(pe- 
cially as Sir ifMc Newton has found, that ail 
Matter affords a refiftance nearly in proportion 
to its denfity f. 

T H E R £ are many other Arguments to 
prove this, particularly the motions of the Co- 
mcts through the Heavenly Regions without 
any fenfible refinance 5 the different weight of 
Bodies of the fame bulk (^c. but thofe being 
Dot yet explained are not fo proper to be in- 
fifted on in this place. 

* B7 this Term 18 meuit any V«flcl, but of which nvc cxtraft 
^ -^r by the Air Pump. ^ 
J JVlrw/ow Opt. p. 310/ 
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J 2 AttraSlion.mcl R^uljion, J*^.I, 

• C/H A P. m. 

.0/ Attr(0'm flj^d Repulfio^, 

tiq pf Mjitf q:, jU has. ^^fp c^ertgW poWt 
jf^tifi x]u: iieceflv^ to it$ exi^ei^^ l)»it iffi^ 

;^liich it wa3 cif%ad. : . 

IL Atxr ACTION 1$ of two kinds; i. Co 
hcfion, or that by wfekh the fcvcral particles 
iff^hcrcQf Qodics conM» mutually tend toward 
each other. 2. Gravitation, or that by which, 
diftant Bodies ad upon each oth^. 

IIJ[. The Atttaftioii of Coijeljbxx is prov'd 
firon^ abundance pf Experiments^ qf ^hich fotnc 
of the mod! obvious arc asfqllpiyj^ , 

a Capillary Tube) open it bpth; ^q^x feq dipt 
into a Veflfel of Water, ' the Water will im- 
ipecji^cjy fife up in, the TubCr^ttf z certain 
height above the level. ' This riff iof th^ Wa- 
ter is manifeftly owing to the Attradion of 
thofe particles of the glafs which lie in the 
jji^ep fi;jrface of the Xu|c immediately above 
the w ater : accordingly the quantity of Water 

raife4 



x?ACcd is always pcpjpgmoaablie^o thfi iai^Qiods 
of thjtt furfacc ^i 

2. X.ET two fjphcrcs cf X^cklTlvcr W 
ccd near each p^hcr and t^ey, wiU immcjliaitc- 
ly run together smdfotm p^eglohulp. 

lY. The Laws of this Attrpdioa ,arc j^^ 
That it afts oflly upon conta^ or at . vary 
fmali diftances, for the Spheres mjentiojQ;ed in 
the laft experiment will not approach ^aqh. 
other till th?y are plac'd ytxy lacar. tf. It 
afts according j:q the breadth of the iux£ig;$ 
of the Attira^g S^odlc^^ and laot accord- 
ing to their qviantitlc$ of Matter* Let these 
be jtwp pplilh4 gla(^ Hares laid one npon a- 
nother in fuch a mannerj as to touch at ooc 
end, and t];>ere make a very fmall angle: 
if two unequal drops of oil be put ^tweoi 
thefe plates at «.qnal diftances from thq iinq 
of contad^ fo that the lea(l may touch .both 
glaflfes, they wiU then bptli move towards^ the 
ends that touchy becaufe theAttfadion ottbp 

* The iid|gl^ ithe- Wkier lifts ^ in- diffefeiitT«ibes, *afe ob- 
i^d to hp rcf iprPSGjfilhf >8 ^ 4hp^fifkp ftf tht Tttboi^froii 
whence it fpllows ,4iat the ^usgi^ties .raifed. ase a3 ,the rur&a;s 
Which wife t3i«|i. • : ' •' . »- 

jPmt. If^t t^9j|^fi»)QTl^S4 tht!dJMiieler{£tliefullli^^ 
to that of the fpcon^y tb^ W^Uei; will nfp |iajf u Ughiiiv thf &r(l 
' ^ in the fecond, now wsis it to rifp ^quall)^ EJgh in Both, the 
qpantifty lathfiftAwfiiiM h& fbur cioet a^^hMt a»in<htl(«co!id» 
(Cxlindcxsof eq4^1 h^^ts beip^ si«v|hf ^o^rtl of their^iafBg^^ 
\i\EI. 1^.) therefore fince it is fcoiina toxife buthaif jis^higlj, 
(lllftquaiiti^ is- bus twice omoch, afnd Acrfshtc sr^rdhitfttter ; 
but me fumces of Cylinders are as their diameters^ therefore, the 
quantities of Water raifed aio aHaiasclkefurfkces, /^ J« ^. * 

^ a Diflertation on this Subject. ;rir(J{» . *•' ' i 

...... furfaccs 



14' AtiraBton and Repu^on. PartH 

farfaces inclines that way; but the largeft^ 
touching the glalTes in moll points^ will move 
the faftcft. 3. Tis obfcrv'd to dccrcafe much, 
more than as the fquares^ of jthe difiances o£ 
the Attrading Bodies froni each other in* 
creafe : that is, whatever the force of Attra* 
dion is at a given diflance, at twice that di-* 
ilance it (hail be more than 4 times iels than 
before ♦. 

V. From hence it is tafy to account for the 
different degrees of hardnefs in Bodies $ thofc 
Whofe conftituent particles are flat or fquarc, 
and fo fttuated , as to touch in many points^ 
'will be hard 5 fhofe particles which are more 
found and touch in fewer points will confiitute a 
ibftcr Body; thofc which are fjpherical will 
form a fluid \. 

" Vr. Attraction of Gravitation is that by 
which diftant Bodies aft upon each other. This 
is fccn every day in the falling of heavy Bodies 
toward the Earth; 

Vll. The Laws of this Attraftion are i. That 
it decreafes a$ the fquar^s of the diftances be- 
tween the Centers of the attrading Bodies in- 
creaft. Thus a Body at the fur face of the Earth 
(a r. about the dift^ncf of 4000 miles from its 
Centert) which weighs 10 Pounds»if it was plac'd 
4000 miles above the fifrfacp of the Earth /. <• 
twiec as far diflaatf^om th$ Q^atcr as before, 

* y. fCfiiii opera Ed.- 4^« p, 626. 
f XA/#w/^»j Optic p,;j'}5» . 

;.; '\ would 



Chap. 3. Attraction and Repulfion, t^i 

would weigh 4 times le£i, )& thrice as Sar,> 
times leis &(• The truth of this Propbikioii ^ 
is not tp be had from Experiments^ (theiitmoft . 
difiance we can convey Bodies tOi» fiom die 
furface of the £arth> beariiig no pcopomoa 
to theif 4lftance from its Center,} but hiaS^ ] 
ficicntly clear from the Motions obftrvil \^ 
the Heavenly Bodies. 2. Bodies attraft one 
another with forces proportionabk to the 
quantities of Matter they contain ; for . ill 
Bodies are obferVd to fall equally faft in the 
cxhaufted Receiver , where they meet miSx 
nb reliilance. From whence it follows* tkai 
the adion of thcBarth upon. Bodies is exa£b- , 
ly in proportion to the quantities of Mat* ^ 
ter they contain ; for was it to ad as ilroiigly 
upon a IcfsBody as upon a largeh the IcaftBodj 
being mod eaftly put into morion would move ^ 
tkc fafteft. Accordingly it is obfcrvablc that , 
the weight of a Body is the famc> whether ic^ 
be whole or ground to powder*,. 

VIII. From hence it follows, that was a 
Body to defcend from the furface toward the 
Center of the Eanh, it would continually be- 
come lighter and lighter, the parts akiove at- 
trading it as well as thofe below, in which 
cafe it is demonftrated by the Mathcmaticiaos. 
that the Gravity would decreafe with the di-: 
ftance of the Body from the Center f. 

* GrafvefanJe'LTh- ^ Ckap» t|« Co/^/s Preface to Neivtni^t 
Prindn. 
t Dm, Let tberc be a Boct/ u J^, (Fig. 2, J pUcej any where 

withii^ 
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il6i j^ra&Urt^ 4H(i^ ttefui/^^ Pabrfrlt 



timvihm Pbilbfopherfr i^d^ of Bddiei gi^i- 
taB«9 tO0 at MttaSAng e^h* ethfe^, tiiat Body-' 
is:;Ai(Lr to goiricace to aBotfict; WhtcK ittov»^ 
towirds^iti while; tfai^ othci^ a^aiiy' i^; or" ap- 
peals to brae tidBfy and thf5'ethc^ii' Aid td at- 
tnft thcfOQ:«neri»> thoaghihdecd'thrfbrce bc^ 



wkhin a cOncavd; fphoi^l a^ jfS;: v(4ddfi I^ asT fUj^fe^'i 
into an infinite number of/thin. conceam(7 far^Kes;. T fkf' Ae 
Bcidy P'Vill teattrtftfcd' cqiially; each ws^y hy any one of thefc^: 
v^.th^intcriar IfidC'IuJ Let tbdrt be like§-a8 /Z- jyJT; Ari - 
draiwn thraugh.ajiy point, of, the Body P,-} info§h'9, mainctl ar ta : 
fi>rm th^ fufBice of two iimilar'figares, fu^poiftCones^ the ditmeteis, 
ofjvhofet^ifa' may^.bd:/»}^/^i wh5dl-^'le^ be -ififihitcly fihatt 
Thefe. bafes (being M^sthe ff^wef of thedioes; i.H,'JSL) \ (20. JS/A». 
6.J will Ixe direftly as the Yquaroe of their, di&anccs from P (for 
thc'Trianglei h^ti^* inftitmify fnrtil art firtiiMr.)' Bat thofe bafe* 
include. aJl the partickscof niatter in thei imeriikr fttrfate/ that ar«> 
opjpofite to each other.; the.oppofite..attra£^i^fts<aie. thtrefore-iiK' 
the fame ratio wrtH thofe-bafesy that' is as the fquares of the di- 
ft0r^C9 i^H,-P/i BilttHfattra^ibii i«Mijvetfel^ as the (quaics of * 
th^ diftances of tho attradling Bodies* ,$^77 he^ invctfeiy. al Ck6 
fquares of the fame diftances PK)P^Ih thefe two ratios deftraying . 
e:Cdi othsit, it 16 wieati thafif the *cownrvity of' tfee Sphere was 
fiiPd with Matter, riiatrakwe,*. whiiir.lka.ncat€> the' Center ^ 
than the Body, . ean afFcdi- 1%, the .rcfpcftive.adiofti of all' the 
pirtsi thit arc mow diftiilit/ b^in^equal» arid in. contrary, di-« 
loftton^ fmcc. the • faitoc is i ddiAoti fIraiWe bf lany * of iHe Remaining* 
toncentric furfaces. IiCC vis then fee what tSk€t that whieh' lies > 
ncarrer the Center than tKe Body will haye upon it, whieh may be . 
coofidered:as a Spherey on whofefariace^thcBddy'is pkcM. The 
diftauces of each particle of Matter from the^dy^ ^tal^ cotlIe6tivC'- 
1y) Wi]I be as the diameter of the Sphere, or «s . the.Radius^ 1. i, as the 
daUmce • of - the ' Body -frcftnthic' Center 5 their affion therefor^ 
ujppn the Body will be iavcrfely as? the^fqtiare • of that'diftance t 
t>ut the quantity of Matter will .beast the' cube of-'that-diAancc ; : 
(18. Elem, 12.) the attra£ki6n therefore wHI be alfo in that propor- 
tiiinv Nowj thefe two ratios ^ingrcosApciuiide^,- thc^atti^iba ., 
ifirill be only as the dillancc of the Body from the Center. ^ Et />• 
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iiig mutual and equal on both fides (as will 
be explained under the id Law of Nature) the 
fame Term might be appiy'd to either the gra* 
Yitating or attrafting Body. 

It is farther to be obferv'd, that when we 
ufe the Terms, Attradion or Gravitation^ 
we do not thereby determine the Phyfical 
Caufe of its as if iC proceeded from Tome 
fuppofed occult quality in Bodies $ but only 
ufe thole Terms to (ignify an EfFeft, the 
Caufe of which lies out of the reach of ouc 
Philolbphy. Thus we may fay, that the 
Earth attrads heavy , Bodies ; or that fuch 
Bodies tend or gravitate to the Earth : though 
at the fame time we are wholly ignorant 
whether this is effeded by fome power adu- 
ally exifting in the Earth or in Bodies, or ex- 
ternal to both : fince it is impoifible any erroc 
in our reafonings can follow from hence \ ic 
being evident, that all the confequences of 
fuch tendency muft be the fame, let the caufe 
be where or what it will. 

X. Repulsion is that property in Bodies^ 
whereby if they are placed juft beyond the 
Sphere of each others Attradion of Coheftont 
they mutually fly from each other. 

Thus if an oily Subftance lighter than 
Water be placed on the furface thereof^ oc 
if a piece of Iron be laid on Mercury, the 
furface of the fluid will be dep^fs'd about the 
Body laid on it. This deprcfllbn is manifcft-- 

C ly 
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ly occafion'd by a repelling power in the Bo-" 
dies, which hinders the approach of the fluid 
towards them. 

But it is poilible in fome cafes to preis 
or force the repelling Bodies into the Sphere 
of one anothers attradion j and then they will 
mutually tend towards each other, as when 
we mix Oyl and Water till they incorpo- 
rate ♦. 

XL Besides the general Powers fbrcmtn-^ 
tioned there are fome Bodies that arc endued . 
with another calVd Ele£ificity. Thus Amber, 
Jet, Sealing-WaXy Agate, Glafs and moft kind* 
of Precious Stones attraft and repel light Bo** 
dies at coniidcrable diftances. 

The chief things obfervablc in thefe 
Bodies are. i. That they don't aft but when 
heated. 2. That they aft more forcibly wheik 
heated by rubbing than by fire. 3 . That when 
they are well heated by rubbing, light Bodies 
will be alternately attrafted and repell'd by 
fhcm, but without any obfervable regularitjr 
whatever. 4. If a line of feveral yards in length 
has a Ball or other Body fufp^nded at one 
end, and the other end be fixed to a glafs Tube i 
when the Tube is heated by rubbing, the Eleftri* 
cal Virtue of the glafs will be communicated 
from the Tube to the Ball, which will attraft and 
repel light Bodies in the (amc manner as the 

* We have an undeniable Proof of this Repulfive Force in 
Sir I/aat Newtoa^s Opticks. B. 3. and Queiy 31. 

glafs 
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jglofs it fclf docs. $• If the glafe Tube be 
emptied of Air^ it lofes its Elcdricicy '*'• 

XII. Lastly, the Loadftone is obferv'd to 
have Properties peculiar to it fclf, as that by 
which it attrads and repels Iron, the Power ic 
commuoicatcs to the Needle and feveral o- 
thcrs t* 

CHAP. IV. 

Of the Laws of Motion commonly cal- 
led Sir Ifeac Newton V Laws of Na- 
ture. 



A 



LL Bodies continue their ftate of 
reft or uniform motion in a right 
line> till they are made to change that ftatc 
by fome exterxxal force imprelTcd upon them. 
This Law is no other than that univer* 
ial property of Bodies, call'd PaiHvenefs or In- 
adlvitys whereby they endeavour to conti- 
nue the State they are in, whatever it be. 
Thus a Top only ceafes to run round on ap- 
^unt of the rcHftance it meets with from the 
^ir, aad the fridion of the plane whereon ic 

• See Hauhiii*a Experiments. Fhilofoph, Tr^nfa^, Numb. 226. 

•f Several fblutions of thcfc Properties of EleSriciiy and mag" 
iiifm have been attempted by different Philofophersy but all of 
hem (6 an(adsfa€bbjv as not td defervc a particular account m 
Mb PliCe* See Cpamiers*s Diftionary in EhSlricityy and Des 
Partes Opera Phllofophica. P. IV. f, 133 • with feveral others 
i^ ift ^$4»ims PWafifbia. fe.^ 

C z moves 
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moves. And a Pendulum when left to vibrate 
in vactio^ where there is nothing to ftop it 
but the fridion arifing from the motion of the 
pin on which it is fufpended, continues to 
mov£ much longer than one in the open Air. 

II. The change of Motion, produc d in any 
Body, is always proportionable to tht force^ 
whereby it is effedcds and in the fame dire* 
£fcion, wherein that force ads. 

This is an immediate confequence of this 
Axiom, the EfFed is always proportionable to 
its Caufe. For inftance, if a certain force pro- 
duces a certain motion, a double force will pro* 
duce double the motion i a triple force triple 
the motion drc If a Body is in motion, and has 
a new force imprcfled on it in the dircftioa 
wherein it moves, it will receive an addition 
to its motion proportional to the force im«r 
prcflTcd; but if the force adsdircdly contrary 
to its motion, the Body will then lofe a pro* 
portional part of its motion : again, if the 
force is imprefTed obliquely, it will produce a 
new diredion in the motion of the Body, 
more or lefs different from the former in pro- 
portion to its quantity and diredion. * 

* This cafe is cxprcfled more accurately by ^atliemad* 
dans thus. If the proportion and diredion of 2 forces a^ng 
upon a Body at the fame time, be reprefented by the fides of a 
Parallelogram, the Diagonal of that Parallelogram will reprefent; 
the proportion and dire^on of their united forces. 

Dem. Let the Body A (Fig, 3 J be impeird with a fbrc^ 
vvhich would carry it to £> iq thf iame tinie that another^ a^Ung 
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III. Bjb ACTION is always contrary, and equal 
to A^on ; or the adions of two Bodies upon 
each other are equals and in contrary dire* 
(ftions« 

Thus,, fuppofe a Stone or other Load 
to be dr^'^n by an Horfej the Load reads 
upon the Horfe as much as the Horfe ads up- 
on the Load; for the harnefs, which isfiretch'd 
equally between tkem both w^lys, draws the 
Horfe towards the ^tonC) as much as the Stone 
towards the Horfe, and the progreflive motion 
of the Horfe is as much retarded by th^ Load^ 
as the motion of the Load is promoted by 
the endeavour of the Horfe '^. This wiU 

upon it in the dire£lion AD9 would carry it to Z>. Imagine, 
that while the Body paiTes to E9 the line AD (in which the Bo i 
dy moves by the other force) moves to BB^ in a diredion parallel 
to it felf $ when the Body has advanc'd to G in the line AB^ the 
line AD will have ^got to GF, and the Body will have pafled over 
fiich a part of it GH^ as bears the fame proportion to the whole 
line GFj as AG does to AB^ that is GH (the ihorter fide of 
the ParalielogTam GAf» is to GF^ or, which is the fame thing, 
to EB (the ihorter fide of the JParallelogram EDy) as AG (the 
longer fide of the former) is to AS (the longer fide of the lat- 
ter,) fix>m whence the Parallelograms are fimilar, ELS.Drfl i. 
and confeqnently, by 24. EL 6. the point His in the Diagonal, 
that is, the Body vnll alv^ys be found in the line AB. Q^E. D. 

ConlL From hence we hiave an eafy method of refolving a given 
motion into anv two, or more dir^Uons whatever ; ove. by de« 
fcribii^ a Paralielogiam about the given dlre^on ^s a Diagonal, 
the two fides of which will reprefent the dire^ons fought. Thus, 
fuppofe a 3ody was impelled in the^ Line 4^» ^^ niay con- 
ceive it as TiGtoi, upon by two forces at the fame time, one to- 
wards Bi the other towards Z>, or any other two whatever, pro- 
vided the lines be dravm of fiich length, that, when the Paral- 
)el(>gnm is compleated, the given line AB fhall be its Diagonal. 

^ It may be thought perhaps that (two egpal and contrary 

ibrc^ 
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be better cxplata'd &c»n the following inlhtacc; 
kt a Perfon fittiiig in a Boat draw aootbci- 
cqually heavy towards him* they will both 
move towards each other with equal velocities 
let the Boat he ilts in be the lighteA, and it 
will move the Mcft i bccaufe the a£l:ion be- 
ing equal oa both Mcst the Tame quantity ol 
motion will be given to each Boat, that is 
the lefler will have the greater velocity*. 

We have a fiuthcr confif mltion of this fion 
Attradion. Sof^ft two Bodies attta&ing on 
.iBOther, but hinder'd from meeting by fom 
other Body placed between them: if their tet 
^ncies towards each other are not equal 
then the Body that is between them, will b 
]^efled on one fide more than on the othc: 
and coafequently the ( flronger prefTure ovc 
«oming the wc;^er, they cannot remain : 
reft, but will all move on continually in th. 
dirc^on wherein the firoi^er force a^s} whi< 
is both contrary to the firft Law of Nature at 
Experience. This may be try'd with a Loa 
ftone and Iron ; which* bdng pm into prop 
Veflels contiguous to one anothet and made 

ftwcct deAnrring one anMher) tke HarTe mil tit thi* Cafe i 
Iw able to move at all, becaafe the Loa^ draws him baclt, asmi 
M he dntwi the Load fbrwarda. But it is to be oblerv'd that ' 
flreogth of the Mode is not proper)/ exerted upon the Load 1 
upon theGformd ; confeqitentlr die Ordund reafHng and coi 
Buine at «* pttfltes the Horfc fenrard wMi j«ft fo much fiwrc* 
the Viotk exerts, above what i« etnuiteraAed by the Lend. 
* Sec &K difiln^a bctw^ei) Motieii »n^ Velocity. Outp. 
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float on water, iv^iil beanexa&coiimcrbalanca 
to each other, and femain ac reft^ whatevctbe 
the attraftive power of the Loadftone, or the 
pK^ortlon of their refpe&ive magnitudes* 

Thbse Laws receive aa abundant addition 
nal proof from hesicet viz. thar atl the con* 
dufions that are drawn from tbem^ in rda- 
tion to the Phasnomena of Bodies^ how com« 
plicated foever their Motions be, are always 
found to agree perfeftly with obTcrvation. The 
truth of which fufficiently appears in all party 
of the Newtonif^n Philofopby ^. 

CHAP. V. 

^ The Phanomma of Falling Bodies. 

L nr' H E Laws of Nature being thus explain^ 
M ed^ we proceed to account for thoTc 
Pfasnomenat which are folyable by them. 

11. To begin with thofe of Falling Bodies. 

Confiant expcriencfi ihews^ that Bodies have 

ft tendency towards the Earth* which is call'd 

Gravity, the Laws of which were enumerated 

t in Chap. j. §• 7. 

IIL The height. Bodies can be let fall from^ 
bears fo fmaU a proportion to their diftance 
from the Center of the Earth, that it cannot 

* See thefe Laws explained more at large by Chiyne in hit 
Fkindplct of Philofophy. Kdh latmL ad Phy C Pi^eL 11,12. 
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fenfibly alter their Gravity % which therefor 
may be conceived* as afting conftantiy ant 
uniformly upon them^ during the whole tim< 
of their fall: from whence they muft neceffa 
rily acquire at every inftantt an equal degre 
of velocity^ which on that account will cor 
ftantly increafe, in proportion to the tim 
the Body takes up in falling. 

IV. The (paces Bodies fall through in di 
ferent times, reckoning from the beginnin 
of their fall* are as the fquares of thofe timc^ 
thus, a Body will fall 4 times as far in 2 m 
nutes, as it does in one, and 9 times as f; 
in 3» \6 times as far in 4 ^s. ^ 

* In order to demonftrate dvis Propofition, it will be neceflai 
to lav down the following Theorem, vise. 

That the fpacef a Body pafles over, with an uniform motio 

is in a ratio compounded of the time and velocity. For t 

F I<»ger a Body continiies' to move uniformly, the more fpa 

it moves over; and the falter it moves during any intc 
val of time, the farther it goes ; therefore the fpace is in a rat 
compounded of both, that is, is had by multiplying one into t 
other. 

* CorolL Therefore the area of a redhngle, one of whofe fid 
xeprefents the celerity a Body moves with, and the other tl 
time of its motion, will exprefs the fpace it moves through. 

This being premifed, let the line AB (Fig. 4^ reprefent tl 
time a Body takes up in falling, and let BC exprefs die celen 
acquired by its fall ; ^rther, let the line JB be divided into s 
indefinite number of- imall portions, eiy im^ mf, &c. and let e 
iky mnifqy &c. be drawn parallel to the bafe. Now it is evidei 
from §.3. («/«. that the velocities are as the times in which the 
are acquired) that the lines ef, /i, mny pq, 4c. being to each othi 
(4. EL 6.) as the lines Ae, Ai^' Am, Apy Sec- will reprefent th 
celerities in the times reprefented by thefe : that is, if will be a 
Che velocity of the Body in the fniall portion of time><, and i 
will be a£ the velocity in the portion of time im i in liite manne 
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V* From this Proportion it follows^ that 
a Body falls 3 times as far^ in the fecond por* 
tion of time^ as it does in the firfts 5 times 
as far in the third ; 7 times in the fourth, and 
fo on in the feries of the odd Numbers : for 
otherwife, it could not fall 4 fpaces in 2 mi*> 
nuteis, and 9 in 3, as the Propofition afTerts. 

VI. The (paces defcrib'd by Palling Bodies 
in different times are as the fquares of the 
laft acquired velocities. For by §. 4. the fpa- 
ces ^eas the fquares of the times, and by§. 3. 
the velocities are as the times ; therefore the 
ipaces are alfo as the Squares of the velocities. 

VII. TftE fpace a Body paflcs over from the 
beginning of its fall in any determinate timc» 
is half what it would defcribe in the fame 

fa will be as the velocity in the portion of time po, which portions 
of time being taken infinitely fmall, the Telocity of the Body 
may be fupposM the fame, during any whole portion ; and con- 
feqaendy, by the CoroUtry of the foregoing Theorem, the fpace 
run over in the time ei with the velocity ef may be rcprefented 
by the re£langle if: in like manner the fpace run over in the time 
im with the celerity /i, may be cxprefs'd by the rc6bngle mk; and 
that ran over with the celerity mn in the time mp9 by the red^angle 
pni and (b of the reft. Theieforethe fpace run over in all thofe times 
wiil be reprefented by the fum of all the reftangles, that 13, by the 
^iaagle J3C, for thofef little triangular deficiencies, at the end of 
each redbangle, would have vaniftied, had the lines ei, im, mpj &c* 
.been infinitely ihort, as. the times they were fuppofed to re- 
pefent. Now as the fpace, the Body defcribes in the time JB, 
IS reprefented by the triangle ABC, for the fame reafon the 
fpace pafs'd over in the time Jo may be reprefettted by the tri- 
angle Aoty but thefe triangles being fimilar are to each other, 
as Ac fquares of their homologous fides AB zmiAo (20. Ei 6.) ; 
'rhat is, the fpaces rcjsrefeht^d bv the triangles are ta eachother, 
M die fquares of the times reprefented by the fides. ^E, D^ 
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time moving uniformly with its laft acquired 
velocity *• 

VIII. In like manner, when Bodies arc 
thrown up perpendicularly, their velocities de- 
creafe, as the times they afcend in incre^fe^ 
their gravity deftroying an equal portion of 
their velocity every inftant of their afcent. 

IX. The heights Bodies rife tp> when thrown 
perpendicularly upwards, are as the Iquares of 
the times fpent from their itrft fetting out, to 
the moment they ceafe to rife. That is, if a 
Body is thrown with fuch a degree of veloci* 
ty, as to continue rifing twice as long as ano- 
ther, it (hall afcend 4 times as high $ ifthrice^. 
9 times as high, &c. 

These two are the converfe of the id and 
^th Sedionst* 

» 

CHAP. VI. 

Of the defcent of Bodies on oblique 
Planesy and of Pendulums* 



w 



H £ N a Body defcends on an oblique 
Plane, its motion is contiually acco- 



* For let the time be ABy and the laft velocity 5C, the fpace 
the Body runs over, while it is acquiring that velocity, is ABC, 
but the fpace it would pafs over in the time AB, was it to move 
uniformly with the celerity* B C, is, by the Theorem, (Note p, 
24.) the fpace ABCD, double the former. ^ E. D. 

t See kiih Introd. ad Fhyf. Pr«l, ii, Grave/andi L. r. 
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lerated by the aftion of gravity, but in a lefs 
degree, than when it defcends perpendicularly 5 
its free defcent in this cafe being hindcr'd by 
the interpoHtion of the Plane : from whence it 
follows, that what was faid in the laft Chap« 
tar, concerning the perpendicular defcent of 
Bodies, is true of fuch as fall on oblique 
Hanest allowance being madj: for the di^e-» 
rence of acceleration. 

II. The efFeft of Gravity upon a Body fal- 
ling down an oblique Plane, is as much lels 
than the fame afting on another falling freely $ 
as the perpendicular height of the plane is lefs 
than its length''^. 

Iir. A Body falls through as much longer 
^ace perpendicularly, than it does obliquely 
in the fame time, as the oblique fide of the 
Plane is longer than the perpendicular height \. 

* Dsm. Let AC \JPig, 5.) be th^ inclin'd Plane, the Body at 
At and the adion of gravity, whereby it endeavours to fall per- 
pendicularly, reprefcnted by the line AB ; let AD be perpen- 
dicular to ACf AD will then reprefent the diredtion by which 
the Plane a£ls upon the Body (for all Bodies a£t in lines perpendi- 
cular to their furfaces,) let 4ien thofe two forces be refolved into 
one in the dire£lion AC^ (as ftiewn in Note to J. 4. Chap. 4) by 
compleating the Parallelogram BD whofe Diagonal will be AG, 
In order to this BG muft be let fall perpendicularly upon AC 
(that it may b^ parallel to the oppofite fide of the Parallelogram 
AD) confequenfly j[8. Elem. 6.) AG is to AB as AB to AC^ 
that u^ the tendency of the Body down the plane is to its per* 
pendicular tendency, zsAB is to ^C. ^E. D. 

t That is, fuppofing BG (Fig, 5.^ perpendicular to AC, the 
Body would fell to G in the fame time it would fall to B, for, as 
was obferv'd Note the laft, AB is as much longer tl^ -^^ as 
i4C ijs longer than if #. 
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IV. The velocity a Body acquires by falling 
perpendicularly, as much exceeds that which, 
it acquires by falling obliquely in the fame 
time, as the fpace of its perpendicular defcent 
in that time exceeds that of its oblique one ^. 

V. A Body takes up as much more time 
in falling down the oblique iide of a Plane^ 
than it does the perpendicular height of it* as 
the oblique fide exceeds the height \. 

Dem, It IS evident that in all motions equally accelerated, the 
fnm of the velocities produced in any time (that is the fpaces 
run over in that time) are as the generadng forces, that is, the 
fpace pafs'd over by the Body on the oblique fide ACy is to the 
perpendicular fpace a Body v^ould pafs over in the fame time $ 
as the adHon of gravity on the Body in the direction AC9 to ite 
perpendicular aftion in the diredJrion AB : but thefe a£Hons arc 
to each other, (by § the laft,) as the oblique fide to the perpen- 
dicular height, the fpaces therefore pafs'd oyer will be in the lamp 
proportion. ^E. D. 

• Since by S the laft, a Body fells to G, (Tig, 5 J in the fame 
lime another fells to Bf and by (Chap. 5. J. 7.) the fpace a fel- 
ling Body paffes over in any time, is half that which it would 
run over in the feme time moving uniformly with its laft ac- 
quired velocity, it follows that the Body felling down the oblique 
plane would pafs over double the fpace AG, moving uniformly 
with its laft acquir'd velocity, in a portion of time equal to that 
in which it was acquir'd ; likewife double the ft)ace AB wouldl 
be pafe'd over by the other Body, moving uniformly with its 
laft acquir'd velocity, in a portion of time equal to that in which 
it was acquir'd ; but fince the velocities of Bodies moving unU 
formly are as the fpaces they run over in equal times, the veloci- 
ties of the Bodies in G and 5 are to each other a^ double the lines 
AG and AB, that is as the lines thcmfclves, which by 5* 3* 
are as the fpaces run through in the fame time, fron^ whence tho 
Proportion is clear. 

f Dem The fquare of the time in which AC (Fig. $.) is run 
over, is to the fquare of the time in which AG is run over, as AQ 
to AGy (by Chap. 5. §. 4.) that is, fince AC» AB, AG arc con, 
iniaally proporuonal (8. El$m. 6.) as the f^ujtfc of AC to the 
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VI. A Body acqaircs the fame velocity ia 
filling down the oUique fide of a Plane, as 
if it tell freely through the perpendicular height 
of it *. 

VII. A Body takes up the fame time in 
falling through the Chord of a Circle, whe- 
ther it be long or fhort, as it does in falling 
perpendicularly through the diameter of the 
fame Circle f. 

VIIL Upon this is founded the Theory of 
Pendulums : for from hence it follow^ that 
^uppofing a Pendulum could be made to vibrate 
in a Chord of a Circle* inftead of an arch, all 
its vibrations would require the fame time, 
whether they were large or imall^. 

fquare of AB (by Def^ lo. Elem, 5.) therefore the times them* 
felves are as the lines AC and AS9 that is, as the oblique fide of 
the Plane to the perpendicular height. ^ E, Z>. 

* Dem. The fquare of the velocity a Bod/ acquires by falling 
to Gy is to the fquare of the velocity it acquires by falling to C» 
as tlM5 fpace AG to the fpace AC (by Chap- $. ( 4.) that is (by 
8. BUm. 6. and Dtf. lO. EUm. 5.) as AGq to ABq* But imce 
AG is run over in the fiune time AB isy (fee Note to §. 3 ) the 
velocity in G is fo the velocity in B^ as AG to AB^ (by $. 4.) 
and ccmfequcntly fince the velocities jboth in C 9XA B bear the 
£uae proportion to that in G, they muft be equal lo each CfiJtiet, 
^E.D. 

f Dtm, It was demonftnled ( §. )• ) that a Body will 
£lU from A to G, (Fig. 6.) on the inclined Plane AC^ in 
the iame time another woidd fall freely to B9 piovided AGB It 
a right angle, in wliich caft AG (by 31. Eum. 3.) is a Chord 
cf that Circle of which AB is the Jbiameter % tberefose a Bod^ 
fills thioQgh the Chord ^i. j^ E. D. 

% Tills may be illuftratBd by conceiving die hft £gaie inverted 
(as in F%. 7.), where fuppofing the Ball iiSpended ia foch a ntan- 
ner, as to fwing in the aright line GA idmd ef the Arch GA^ 

It would always M tlK^iVb it ill dit fiu^ 
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IX. From hence we fee the reafon* why 
the (horccr arches a Pendulum defcribes* the 
nearer its vibrations come to an equality, for 
fmall arches differ lefs from their Chords than 
large ones. But if the Pendulum is made to 
vibrate in a Curvct which Mathematicians call 
a Cycloid \ eadi fwing will then be performed 
in the fame time, whether the Pendulum moves 
through a larger or lefler fpace. For the na- 
ture of this Curve is fuch, that the tendency 
of a Pendulum tow^ds the loweft point of its 
is always in proportion to its diftance from 
thence \ and confequently let that diftance be 
more or lefs, it will always be run over by 
the Pendulum in the fame time *. 

fhort it Wis, for the inclination of the line GA to the horizontal 
Ene j5C, is not altcr'd by inverting the figure. 

• The Defcription of a CycUtd. 

Upon the right line AB^ (Fig. 8.; let the Circle HDEhcfo 
placM, as to touch the line in me point H, then let this Circle 
roll along upon it from H to C, as a wheel upon the ground, 
then will the point H in one revolution of the Circle defcribe the 
Curve HKCy which is call'd a Cycloid. Now fuppofc two 
Plates of Metal bent into the form 0^ and KC, and placed m 
the fitnation LH and LC, in iu^h-manner, that the points H 
and C may be jipply'd to L, an^ ihe points anfwcring to iT be ap- 
ply'dto Hand C. This done, if a Pendulum as LP, in Icngdi 
equal to LH, be made to vibrate between the Plates or Cheeks 
of the Cycloid LCzadLH, it willfwmg in theHneC^H; and 
the time of^ach vibration, whether the Pendulum fwings through, 
a fmall or a great part of the Cycloid, will be to the time a Body 
takes up in iUiiiig perpendioilarly through a fpace equal to IK, 
(half the length of the Pendulum ;) as the Circumference of a Cir- 
cle to iu Diameter, and confequently it will always be the fame. 

They that would fee a Demonftration of diis and fcveral other 
things relating to this Curve, may confult Hujgens Hmh Ofcil- 
1tt$riim 9T Coigii Harmma Uf^furantm* 
- At 
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Cha[K 6. Penduhnm. 31 

X. The time oi the dclccnt and afcent of 
a Pendulom^ fuppofing it to vibrate in the 
Chord of a Cirde, is equal to the time in 
which a Body falling freely would defccnd 
through eight times the length of the Pen- 
dulum. 

For the time of the defcent alone upon 
the Chord is equal to that in which a Body 
would fall through the Diameter of the Cir« 
de (by ^ 7.) ; that is, twice the length oi the 
Pendulum: but in twice that time {viz,, du- 
ring a whole vibration) the Body would fall 
four times as far (Chap. 5. §. 4.)9 that is» 
throtigh dght times the length of the Pen- 
dulum. 

XI. The times, that Pendulums of dific* 
rent lengths perform their vibrations in^ are 
as the fquare roots of their lengths *. 

XII. The Center of OfcilUtim is a point 
in which, if the whole gravity of a Pendulum 
was colleded, the time of its vibration, would 
not be alter'd thereby fj this is the point from 

* Dim. Let there be two Pendulums J and B (Fig* 9. and 
10.^ of different lengths, the time the firft vibiates in (fuppofe 
through a Qiord) is equal, to the time in which a Body 
would fall freely through DA, the Diameter of the Circle (as 
demonftiated {. 7.) ; in like manner the time B vibrates in, 19 
that in which a Bbdy would &11 through FB. Now thetinwt 
in which Bodies fidl through different fmees are as the Iquare 
roots of thofe fpaces, that is, c£DJ and FB, or of their hahm 
CA zodCB, L €. of the lengths of the Pendulums. ^ E. D. 

t The Rule fbrfindmg the Center of Ofcilktion. 

If theGlobe JB (Fig. 1 1.^ be hung by the firing CD, whofe 
weight is incoofiderable^ the Center of Ofcillation is found thus » 

fup- 
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whence the length of a Pendulum is mea- 
fur dy which in our Latitude^ in a Pcndtt^ 
lum that fwings feconds, is 39*2. inches. 

XIIL The fquares of the times in which 
Pendulums, afted upon by different degrees 
of gravity* perform their vibrations iut are to 
each other, as the gravities *. 

fuppofc E the Center of the Globe, take the line G of fech a 
lengdi, that it (hall bear the ftme proportion to SD 9B ED t» 
EC, then EH being nude equal to | of G, the point H ihaU 
be the Center of Ofcillation 

If the weight of the Rod CD be too confiderable to be neg- 
lefted dividcCP (Fig, 12J in/, fo that D / may be equal to -J 
of C Dt and make a line as iT, in the £une proportion to CI, diat 
the weight of the Rod bears to that of the Globe, then having 
found H the Center of Ofcillation of the Globe, as before, (Hvide 
IH in Lr fo tliat it may bear the fame propoidon to LH, as 
.the lino CH bears to the line Ki then will L be the center of 
Ofcillation of the whole Pendulum. See Huygens Horol. Ofcillat. 

pg- 14«» H*- 
* Bim. The fpaees faVing Bodies deftend through, are a» 

the fquares of the times, when the gravity by which diey arc 

impell'd is given (Chap. 5. f . jl)i and as the gravity when 

the time i^ g^ea (for the ium or the velocities proiduced in any 

time will always be as the generating fovces) : confeqoentl^ 

when neither is given, they are in a ratio compounded of both ; 

the fquares of the times are therefore invetfly as the gravities. 

a 
[F^r ^/n 3^[iHMf///^a,b,c; af/«ibc, A^Mrb:-, i»e. ifzU 

gi'vai, as ^ or as c in^irfly.1 Bat if the fquares of the times in 

which Bodies fall diroi^h given fpaoes are inverily as die grt- 
Tides by whidi dier are a^ed upon ; then the fquares of tlie 
. times in which Pendulums of equal lengths, perform their vibra- 
tions, will be aifo in the fame ntio, on account o^the^onftimt-eqiia- 
lity between the time of the vibrsition of a Pettdiilum» atKi of the 
Reticent of a Body through eight timos its jengdi (|« t2>). 

From 
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Chap* 7* P^jeBileif 3;j 

From whence it foUowst that a Pendulum 
tirill vibrate flower when nearer the Equator, 
than the fame when nearer the Poles; for 
the gravity of all Bodies is lefs* the nearer they 
are to the Equator y viz. on account of the 
fpheroidical figure of the Earth, and its ro- 
tation about its Axis, as will be explained 
hereafter. To which we may add the increafe 
of the length of the Pendulum occafion'd 
by the heat in thofc pans 5 (for we find by ex- 
periment that Bodies are inlarged in every di- 
meniion, in proportion to the degree of heat 
that is given them :) for which reafon (Chap. 
<(• §. II.) the vibrations of the Pendulum 
will alfo be flower. 

CHAP. VIL 



Of ProjeBiles. 

1 A B^I^Y projeded in a dircdion pa- 
jfX ^^^^^ 01 oblique to the Horizon would 
proceed on in infinitum in a right line, (by 
the firft Law of Nature) but being continually 
accelerated towards the Earth by its Gravity, 
it will defcribe a Curve called a ParaboU ^. 



* Dem, Let as fuppore the Body thrown from A^ in the dire&ioa 
AB horizontally (Fig, 13 J or obliquely (Fig, 14. J it would 
(if not attraded towards the Earth) in equal times describe eqQ4 
parts of the line AB, as AC, CD, DE, Sec, but if in the firft por* 
don of time, while it moves from A to C, it defcends by its Gravi 
ty as far as C^ by a ^gmp^iitiott of the{e tW9 Motioni (Chap. 4. $• '4 
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11. Thb grcat^ft diPa^pcc, to which 4 Body 
can be thrown with a giy^ti velocity, i,satthc 
clcvatiw pf 45 cl?^r?es *• 

it will b^ found in H, and while it moves from A to Z) hvicc a# 
^r, it will move downwards fo M, 4 times as far 33 before (Ch^p* 
^. §. 4 ) and will tker^rc be fouuld in / fjiippolijxg D / 4 time* 
as long as CH. Again, while it moves to E three times as far 
from A as C is, it win have moved downwards 9 times as far as 
ijt did in tbe firit pprtion of time/ and ^er^fore will be found 
inJ^, providctj EK^^<) times, as large ^sCJi &c, diatis the lines 
CH, DI, EK, ScQ. will be to each other as ^c fquares of thelites 
AC, AIX, AR, Sec, «ehich.is the property of the pai^bolic Curve^ 
(De L' Ho^j^/B. I Prop. i. Cor. 2. and Prop. 1. Cor. i.) and 
confequently" ttc line AH IK, 8cc. which the Body moves in^ 
whether thrown horizontally or'obliquely, is a Parabou. ^ E» />. 
' * It is deqionftr^tcd by the W«tc» on Coniq Sc;£Uons^ that 
the Quotient which arifes from the divifion of the fquarc of the 

GHq 

line GH by the line AG viz, the quantity' -jr^ (in either of 

the parabolic curves^ (Etg. 13. or 14.^, or of the fquare of MI 

Mlq 
by the line AM viz. --rt% or of the fquarc of NK by AN viz. 

'-~ Sec. provided thofc lines- are all parallel to AB which 

touphos the curve in the point A, is aljvays tjic fame : which 
Quotient is call'd the Parameter of the jpoint A, 

Now the velocity, vrith \vbich the Bo4y if projeftod finpin jf^ 
being (ex bypath j) fuch as would cany it to C, m the dme it 
would fall by its own gravity to G ; and to S in the time it 
would fall to Ni and (thee it ^ould move over tvy^lce tjie fpacc 
^N'm that ei^e, ha^ it nioved uniformly with the velocity 
acquired at jy; it follows,* that the velocity it moves with from 
A to E, is to tliat which a Body acquires by falling to JV, a^ 
AE to twice AN (Chap. 5. §. 7.) or as ^ AE to AN. But the 
velocity a Body would acquire by fiUing tl^rciugh a fourth part 

. iNK^, , , . 

of the Parameter of the poix^t 4 vw. "jfff- is to the velocity- 
it wovl4 acqujre. by fallii^ to N^.zsAE to zAN: (fee this d&- 
inpnlWtfi^d in Note \) therefore the. velocity a Body ought to 
ic projected with from A to m^c ij defcribe the given Parabola 

AHJK 
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AHIK^ is equd to the velocity it would acquire by falling 
throdgk fit Fourth pah tX the Parameter belonging to that point 
©f the PaHbola from whencfe it is preceded. 

•f The fquare of the velocity acquired by a fiocJy in defcend- 

-^ A7 iC 

ing thittijfth i fdtil-th part bf the l^ak-irteter, or ^^"^ " to the 
fquare of thdi which isac^uir'd by falling through tfee line-i^JV; U 

^.llJ to -^Nf (Chap. 5. 5. 6,), that is, multiplying both terinsby 

^JV, ais JiNKq to J^q^ ^tld by eitradidn of their fquare rootii 

lalNKtojtN. Qi,E.D. 

tohof' This affords tkh an eafy method of finding tvhat dire- 
Rion it is heeedaiy td throw a Ball in with a given velocity, iil 
fJUlSi; to ftfitc an objclft Itt a given fituatioti. v.^. Let it be re* 
^ttlFd t© ftrifcfc anobjeft as JT with a ball thrown from ^ with a 
given velocity. Here it is only neceifary to make tile triangle 

jifK (ftppofe a right lifle drawn frota J to IC) fuch, tHat — ? 

JEa 
or which is the fanie thing -7^ in the triangle y^EK, may be 

<qtial to four times the fpace a Body muft fetj through, to acquire 
fuch a degree of velocity as that with which it is intended to be 
thnwlrh, and then JE will be thfe direftion fought. In order to 
this wc muft lay down the following Lemma, ' . . 

Let there be a Circle as J6C (Fig. t^,) AK a Tangent in 
the j)6int A^ A6 per|tendiculaf to Qie Hori^cm and parallel to 

ICE or Kly I fay -ct^ = AB. For the angle ABE is equal to the 

tngle tAk Ci 2. E/em. t.J, ati^the atigle BJE is eaual b the angle 
AEkks alternate, therefore the triangles ABE sindA^Karc fimi- 
lar; confeqiiehtly AB is to AE, is AE td £k, arid multiplvlrig the 
extreme terms together, aiid rfiiddle terihs together, AB x EK^^AEq 

^i diridkigbdth fides 6T tfefc eqdatJon by EK, AB^ jJ. Q^E. D. 

Alq 

Jy the fiimc method of argttitig jy ^^7 ^^ protpd equal p 

MB. 

The Problem. 

'^Lct It be required to ftrike an objeft as K (f^g, 16. J with a Ball 
prejc^^ froni A with a ^iven velocity. ' 
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III. If 2 Balls are thrown at different ele- 
vations (but with equal degrees of velocity), 
the one as much above 45 degrees as the other 
beloWf the horizontal diftances (or Randoms) 
where they both fall will be the fame *. 

Solution. Ere6l AB perpendicular to the Horizon, and equal 
to four times the height a Body muft fall from, to acquire the ve- 
locity with which the Ball is to be thrown ; biiedb this in the 
point G, through which draw HC perpendicular to jiBf and 
meeting the line JC (perpendicular to jiK) in C. On C as a 
Center with the Radius CJ, defcribe the Circle JBD ; laftly 
through K draw the line KE I perpendicular to the Horizon, 
cutting the Circle in the points E and/; I fay AE or Ji will 
be the diredion fought. 

^Eq Alq 
For by the Lemma AB = y^ or yjp , but (ex confiru- 

^ione) AB IS equal to four times the height a Body niuft fall 
from, to acquire the velocity with which it is to be thrown* 

JEq Ala 
therefore its equal xtjF ®' TjF ^ ^^* i^mty which by the Co- 

Tollary was the thing required to determine the dire£Hon fought^ 
confcqucntly the Parabola, which the Body will defcribe, will 
pafs through the point K, Q;^E. D. 

CorolL I . From hence it is evident, that if the obje^ to be 
firuck, be placed any where in the horizontal line AO (Fig, ij.) 
leyond ^, the Problem is impoffible; for then ^JS will not 
touch the Circle, and the Ball will not reach that point with any 
dire£tion whatever. And that when the Ball is direded towards 
Ji^ it will fall on ^the greatcft diftance it can poflibly be thrown 
to J but the angle ^y//f being equal to ABH in the oppofite 
fcgmcnt (iz. Elem, 3.^ is equal to hal£ AGH at the Center 
(zo. Elem, y) which is a right one; confequently ^H'issai 
tnglc of 45 degrees. 

* Coro/i. z. If the objeA is fituate4 in the horizontal line AQ 
{Fig, I S.J but nearer to A^ than the greateft horizontal diftance 
at which it may be ftruck, fuppofe in iT ; the two diredHons 
AE and A I with which it mav be hit, are equally diilant from 
the diredlion AH ; for the angles JAH and HAE are equal^ a« 
infifling on equal arches lU and HE (t2. Elm. yj 
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Chap. 7« '. Proje&iks. 3^ 

IV. The height a Body will rile to, when 
thrown perpendicularly upwardst is equal to 
half the greateft horizontal diftance it can be 
thrown to with the fame velocity '^. 

From hence we may eafily know how ht 
a Mortar-Picce, or other fuch Machine, will 
carry a Ball. Let the Ball be thrown pcrpen* 
dicularly upwards* note the time of its alcent 
and dcfcent, half that is the time of dcfccnt^ 
from whence we learn the height, to which 
the Ball is thrown, for Bodies are obferv'd to 
fail in the firft fecond of time 1 6 feet, confc- 
quently in 2 feconds they fall 4 times 16 feet 
(Chap. 5* §. 4.) in 3, 9 times as much drc. 
but (§ 4.) the perpendicular height being dou«» 
bled will give the greateft horizontal diftance 
to which that Machine will carry the Bali with 
an equal Charge. 

V. The Randoms of two Projcdiles, hav- 
ing the fame degrees of elevationt but thrown 
with different velocitiest are as the fquares of 
the velocities : for by the laft, the Randoms 
are as the heights to which the Bodies thrown 
perpendicularly upwards will afcendi but the 

• CoroU, 3. The altitude of a perpendicular projcftion is 
equal to a fourth part of the height AB ; for the velocity with 
which the Body is projefled^ is (ix hypoth.) fqch as it would 
acquire by filing through a fourth p^rt of fhe line JB i but a 
fourth part of the line AB is equal to half the Ime GH^ orA^ 
(Fig, ij.J that is half the greateft horizontal diftance to which 
the Boay can be thrown. 

See Cotfs^a Harmonia Menfararqm p* 87, KiiPB IntroduA. ad 
;?byf. Pral 16. 

height! 
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heights are (Chap. j. §. 6.) is the fquares of 
che velocities. 

VI. Supposing the motion of the Esihh, all 
Bodies, when thrown perpendicularly upwards^ 
defcribe Ti^r^lds^ notwithftanding they ap- 
pear both to afcend and defcend in the (atne 
right line. 

This may very eafily be illuftrated in the 
fbllowing manner $ let ther6 be a Body car- 
tyed uniformly along the line AB {Tig. ip.) 
by the motion of the Earth from A towards 
Bj as it paffes the point C let it be projcacd 
upwards by fome force ading underneath it 
in the dircftion CO perpendicular to the for- 
mer 5 the Body will not thereby lofc its mo- 
tion which it had in common with the Earth 
towards B (by the fiirft Law of Nature), but 
will be carry ed by two motions, one towards 
B the other towards O 5 let us then fuppofe, 
that in the time it would have advanced for-* 
Wards to P in the line AB, it rifcs upwards 
10 M in the line C O 5 it will then be found 
In D (Chap; 4. §. 2.) : in like manner fup- 
poftng it would have advanced forward to Q^ 
while it rifes to N, it would then be found 
in E, afterwards in F, then in G &c: de- 
Icribing the Curve CGL which (from what 
was demonftrated under §. i.) is a Parabola '*^. 

* Dem. Suppofe the motion the Body had in c<nnnH>n with 
tee Earth towji^»-5 (fig* 20.) tod that with which it is pro- 
jefted towards O; fuch, as being compounded (Ch. 4* ^. 2. jl would 
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7. ProjeElihs. ^0 

The rcafon why it appears to a Spedator 
to rife and fall perpendiculvly» is becaufe he 
is carryed uniformly along with it by the mo* 
tion Qf the Earth in its firft diredion. t^^ 
Suppofe the Spedator at C at the inftant the 
Body is thrown from thence, when it arrives 
at D, he will be moved to P, when the Body 
is at E he will be at <^&c. as is evident from 
what was obferved about the motion of the 
Body in the Curve; and they will both meet 
io L« Therefore fince the Spedator imagines 
himfelf (landing ftill, and fees the Body al« 
Ways perpendicularly over his head, he muft of 
courfe think that it rifes right up and falls right! 
down. 

It may be proper to obierve here, that 
Expetdments relating to the motion of projed* 
ed Bodies, do not exadly aniwer the Theory i 
the reiiftance of the Air deftr^ying part of theit 
JBotioa : for which, a fmall allowance is to bo 
made. 



Jhive produced x modon in the dfroftion CXi It will fbllom 
fit>m thence, that the path defcribed by it will be the fame, at 
if it had been thrown in that dire&ion from a point as C at reft ; 
but in that cafe it would have defcrib'd 4 Pwabob u C.GL ({, i.) 
thcxefoxc ip this* ^ £. Z>« 



CHAP. 
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CHAP. VIII. 
Of Centripetal and Centrifugal Forces. 

WH £ N a Body is projeftcd in an hori« 
zontal diredion and by its Gravity 
made to defcribe a Parabola as dcmonftrated 
Chapter the laft; the curvature of that Para- 
bola will vary in proportion to the velocity 
with which the Body is thrown^ and the Gra- 
vity which impels it towards the Earth. For 
the \z^% its Gravity is in proportion to the 
quantity of matter it contains, or the greater 
the velocity is with which it is projeded 5 the 
lefs will if deviate from a firait line, and the 
further it will go, before it falls to the Earth* 
For inftance, if a Bullet be (hot out of a Can* 
non from the top of a Mountain with a gi- 
ven velocity in an horizontal diredion, and 
goes in a curve line, fuppofe to the diftance 
of two Miles from the foot of the Mountain 
before it falls to the ground ; the fame Bullet 
(hot with a much greater velocity would fly to a 
much greater diftance before its fall. And by 
cncrcafing the velocity, the diftance to which 
it is projeded. may be cncreafed as much as 
you pleafe 5 fo that it will not fall to the 
ground, till it is arrived at the diftance of ten, 
or thirty, or ninety degrees j or till it has even 
^ fur- 
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fUrrounded the whole Earthy and arrives at the 
Very ' top of the Mountain from whence it 
was projected : in this cafe it will per* 
form a fecond revolution^ and fo on In infi^ 
nitum without a new projeftion, provided 
the reltftance of the Air is taken away. Nay 
it may be projcded with fuch violence, that 
it will continually recede from the Earth, 
moving in & Curve, till at length it gets out 
of the Sphere of the Earth's Attraftionj aftcc 
which it Will go on in a ftraight line with- 
out ever returning. Which may thus be illu- 
ftratcd. 

Let ABC (Fig. ii.) reprefcnt the Eartht 

M the point from whence the Body is pro- 

Icfted fn the direftion MQ: it may be thrown 

with fuch force as to carry it to B before it 

falls, or to C, or even to go round to M, 

dcfcriblng the Circle MDM; or laftly it may 

be mfade to defcribe the Curve MO, till it 

gets out of the Sphere of the Earth's Attra- 

dion, fuppbfe at O, going on afterwards in 

the infinite ftrait line O X, there being nothing 

to flop or alter its coi^rfe. Farther, it may be 

projeded with fuch a force from M (Fig. ii.) 

as will caufc it continually to recede from the 

JEarth, till it arrives at the oppofite point G, 

defcribihg the curve MKG5 and if the point 

G is Withlrl the Sphere of the Earth's Attra- 

^ion, the Body will return to M, defcribing 

the Curve GLM cxadly fimilar to MKGj 

E and 



I 
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and in moving nearer and nearer to the Earth 
till it conies to M« will regain what velocity 
it loft in going from M to G, its Gravity con- 
spiring with its motion from G to M in the 
fame degree in which it oppofed it from M 
to G 5 confcquently the Body when at M 
having recovered the velocity with which it 
fet out) will be inabled to perform a fecond 
devolution in the fame Curve as before* and 
fo on. 

Again, fuppofe it had been projeded from 
the point M with a lefs degree of force than 
would have Carryed it round in the Circle 
M D M (Fig. 2 1 J, but greater than would have 
buffered it to have fallen to the Earth at the 
oppofite point F (Fig. 22 J 5 it would alio in 
this cafe have arrived at the point M from 
whence it fet out; for the exccft of velocity 
it would have gained in F, by its tendency to- 
wards the Earth in its way thither, over and 
above that with which it was projcded from 
M, would be fufficicnt to carry it off again 
from the Earth, till it arrived at M; and to 
make it dcfcribe the path FPM exadly limi- 
lar and equal to the former, loling in its way 
from F to M juft fo much velocity, as it gain- 
ed by pafling from M to F j and thereby it 
would be inabled to perform an infinite num- 
ber of revolutions in the fame Curve without 
requiring a fecond projcdtion. 

From 
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From hence it follows, that fuppofing a 
Body projeAed from a point at any diftance wiith* 
in the Sphere of the Earth s Attradion, with a " 

force fufficicnt to carry it half round without 
falling to the furface, it is impoflible it (hould 
fall upon any part of the other half 5 but will 
return to the point from whence it fct our, VY 

making continual fucceflive revolutions in the 
fame Curves provided it meets with no rc- 
fiftance from the Medium through which it 
pafles, nor any other obftacle to obilrud its 
motion *. 

Prom hence alfo it is clear, that, the near- 
cr the revolving Body approaches to the Earth, 
the fafter it moves j its velocity being conti- 
niially increafed during the time of its accefs 
towards the Earth, and as much retarded du- 
ring its recefs from it. And this acceleration 
and retardation will always be fuch, that the 
Body will defcribe equal Areas in equal times : 
the meaning of which is, that if we imagine 
a line conftantly extended from the Center of 
the Earth to the Center of the Body, that line 
will always defcribe or pafs through equal fur- 
faces or fpaces in equal times, for it coniiantly 

• Gravity is here foppofed to be inverfely as the fquares of 
the diftances from the Earth, for 'tis poffiblc that the force by 
which a Body tends towards another, may varv in fuch a manner 
at different diflances, that the projefted Body fhall defcribe z 
Spiral Kne, continually approaching to or receding from that aboa( 
^]^ch it revolves. 



F z becomes 






44 Central Forces* Part. \, 

< 

becomes Ihorter the fafter it moves, ^4 "^ice 

And for the fame reafon that a Body; pror 
jedled with a fufEcient velocity may by the 
force of Gravity be made to dcfcribe a Curve 
round the Earthy and perform continual fuc* 
ceflive revolutions in the fame ; it follows that 
the Moon, may by the fame force of Gravity • 
be made to revolve about the Earth, or apy 

• Dem* Let the time in which the Body performs one revo- 
lation be divided into equal parts» in the fiift of which let the 
Body defcribe the right line AB (Fig. 23. J ; in the fecond part, 
of time, if not prevented, it woulafep ftraignt on to c, defcribing 
the line Be equal to -^i by thcfim Law of Nature; the lines 
S^, SBf Sc being drawn, the triangles SBA^ ScB will be equal 
to each other, their bafes JB and Be being equal and thjpir. 
heights 5 the fame {38. E/em. i). When the Body arrives at 
Sf let the Centripetal force by one fingle impulfe turn it out of 
the flraight line Be into the line BC', in which let it move on 
uniformly without receiving a fecond impulfe till it comes to C, ' 
Let Ce be drawn parallel to SB meeting Bt^ inC ; then at the 
end of the fecond part of time the Body will be found in C, 
having defcribcd the Diagonal of the Parallelogram Ne (Chap. 4. 
j. 2.). Draw 5C, and the triangle SCB will be equal to the 
triangle ScB, (each having the faoie bafe SB and being between 
the fame parallels Ce and ^jS) and therefore alfo equal to the 
triangle SB A, For the fame reafon, if the Centripetal force afts 
in the points C, D, E fuccellively, fo as to make the Body de« 
fcribc. the ftraight lines CD, DE^ EF, &c. in fo many equal 
parts of time, the triangles SCD, SDE,SEFy Sec will be all. 
equal to one another and to the triTOigWSJB. Confequently e- 
qual Areas are defcribcd in equal times. Let us then fuppofe the 
bafes of thofc triangles, vix.JB^ BC^CDy DE, &c. dim^i|uih- 
ed in infinitum, and likewife the times in which they are dc^. 
fcribed; then will the Perimeter J, B, C, D, E, F, &c. become' 
a Curve, and any number of thofe triangles taken together, (or^ 
their Areas) will be proportionable tQ.fiue times in which they 
are defcribed. ^E.D., ;......,...- 

# « 
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other Planet by the like fprce ajbout the S^n, 
if the velocities with which they move arc 
duly adjufted (o the forces by which they arq 
afted Q^on. 

WheIst a Body revolves about anpth^r ia 
this manner, that fprcc or power by which it 
is prevented from flying off (as it otjherwifc 
would do in a Tangent to thic Curve whici^ 
it defcribes) is call'd the Cemrifetali the cpun^, 
ter-adion of this, by which it endeavours to 
fly off, the Centrifugal*^ thcfc, by the id Law 
of Nature being equal to c;ach other, arc cal- 
led by one comhxon name Central Forces^ that 
with which the Body is at; firft projeded, or 
continues its motion from any point, is. thc^ 
Projeffile force j apd the. time in which it pcr^ 
forms one revohitido,' the Periodicaf time. 

These forces properly relating to the mo? 
tions of the Heavenly Bodies will be morclargct 
ly treated of in another place. 

C H A p. IX. 

Of the Cop^munfcdtiQn. of. Mpfidti^. 

I, TJEFQRE \ijp proc;ecd . tqv cjcp^^io the 
JfJ La^s» by. wiiicl* Bpi^'cs wijjJipyjc^ciiQ^ 
their motion, fro.m.ojne. t(^ aj^oth^f,, it i^ very; 

ijcccffary tg ma]^ a,4i(iin4ioOn^,'7€^ Mpir 
tioa and Velocity;. wJii<;hyqi:}gJb^,tQ, b^ v^eiii 
SfefirQ:^;a|id,is.asfoJJo53j ' ' T. *". ' 

Br 
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By the Motion of a Body (fometimes called 
Its quantity of motion^ fometimes its Momen- 
tum) is not to be underftood the velod- 
ty only » with which the Body moves ; 
but the fum of the motion of all its parts ta- 
ken together : confequently the more matter 
any Body containsi the greater will be its mo- 
tiojriy though its velocity remains the fame. 
Thus^ fuppodng two Bodies, one containing 
ten times thp quantity of matter the other 
does, moving with equal Vjclocity; the great- 
er Body is faid to have ten times the motion 
or Momentum that the other has: for 'tis 
cvi(^ent that a tenth part of the larger has as 
much as the other whole Body, In fhort that 
quality in moving Bodies whiph Philofophers 
undprftand by the term Momentum or mo- 
tiop^ is no other than what is vulgarly call'd 
their TorcCy which every one knows to depend 
on their quantity of matter as well as their 
velocity. This is that power a moving Body 
has to afFeft another in all adions that arife 
from its motion^ and is therefore a fundamental 
Principle in Mechanics. See it farther explained 
in the next Ch apter. 

11. Now iincc this Momentum or Force 
cfepends equally on the quantity of matter ^ 
Body contains, and on the velocity with which 
it moves 5 the method to determine how great 
it is, is to multiply one by the other. Thug 
fuppofe two Bodi^^i the lirft having twice the 
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quantity of matter and thrice the velocity 
which the other has s any two numbers that 
are to each other as two to one, will expreii 
their quantities of matter (it being only their 
relative velocities and quantities of matter 
which we need confider), and any two num- 
bers that are as three to one, their velocities ) 
now multiplying the quantity of matter in the 
firft viz.. 2 by its velocity 3, the produft is 6 1 
and multiplying the quantity of matter in the 
fccond by its velocity, viz. i by i, the pro* 
dud is one} their relative forces therefore or 
powers will be as 6 to ii or the Moment of 
one is fix times greater than that of the other. 
Again if their quantities of matter had been 
as 3 to 8 and their velocities as 2 to 3, then 
would their Moments have been as 6 to 24^ 
that is, as I to 4* 

. This being rightly apprehended, what fol« 
lows concerning the Laws of Communication 
of Motion by Impulfe, and the Mechanical 
Powers will be eaftly underftood. 

The Communication of Motion^ 
L In Bodies not Elaftic. 
IIL Those Bodies are faid to be not EU^ 
fiicy which when they ftrike againft one ano« 
ther do not rebound, but accompany one a* 
nothcr after Impad as if they were joyned. 
This proceeds from their retaining the imprcf* 
iion made »upon their furfaces after the im* 
preifing force ceafcs to ad. For all rebound* 
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Iflg Is Occafibrifcd by d cefthih Iprihg in the 
fiirfices of Bddtts, whereby thofc parts, which 
fecelv6 the irrijitefflon rnadc by the ftroke, iin- 
incdiately Tf^ririg Bdck and throw off thte irh- 
pirtgitig Bddyj now this btittg Ivantrng In Bo- 
dies void df Elartieity there follows ho fcpara- 
tioir aftet Ifttpaft. 

IV. When dnt Body ihipihges on another 
t^hifeh i^ at reft, or moving with left velocity 
the fame way^ the quantity bf the inoHofa ot 
Mdmentum id both Bodies takdn together re- 
mains the farhc after Impad, as before; for 
by the I A LaV of Nature, the reaaionof one 
being equal to the aftion bf the other, what 
one gaiiis the other muft lofe. 
. Thus, fiippofe two Bodies one impmgfng 
with iz d^^rfces of velcxcity on the other at 
reft : the quantities of Matter in the Bodies 
bding equals their Moments and velocities »c 
the fame ^ f he (km in both i 2 ; this remains 
the fam« aftei? lAi^ft (§. 4.), and is equally dr- 
vided between them (|. 3.); they have there- 
fore 6 a* ^ieie, that is the impinging Bod^ com- 
municates i>alf its velocity and keeps half. 

V-^ WflEi* i^o Bodies hnpih^e on each o- 
ther by moving contraty ways, the quantity 
of motion they retain after ImpadJ, is equal 
to the diffci^cnce of the motion they had be- 
fore f foi! fey the id Law of Nature, that 
which had the leaft' motion^ ^ill dcftroy an 
equal quaatit^y in^ the other, aftc'r >5^bich they - 

will 
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vill move tqgccfafit with the xcmauklcri that 
is the difiTcrcnce. 

Thus for inftance» let there be two equal 
Bodies moYing towards each other, the one 
with 3 degrees of veiocity, the other with 5, the 
difference of their Moments or velocities will 
be a $ this remains the fame after Impad (§. 5.) 
and i< eq^ally divided between them (§. 3.) 
they have therefore one a piece : that is, the 
]^y which had 5 degrees of yelocity, lofcf 
3 or ^ much as the other had, communicate^ 
half the remainder* and keeps the other half "^^ 

II« In Elaftic Bodies. 

VT. BoDiB3 perfeftly Elaftk ate fuch as re-^' 
bound after Impa^ with a force equal to that 
with which they impinge upon one another : 
thole p^rts of their furfaces, that receive the 
impr^ilion, immediately fpringing back, and 
throwing off the impinging Bodies with a forc$ 
squill to that of Impa^« 

• From thrfe pofi^oos it is eafy to deJuctf a Tlieorem, tiaC 
ftall fliew the velocity of 6odies after Impaft in all cafes what* 
«ver. Let there be two Bodies ^ and ^, the velodty of the firft 
« of the other bi then {§. i.) die A^oment of A will be exprefledl 
XijAa^ and of ^ ^ -^^ • therefore the fnm ot both will heAa-^Bh s 
AfA Aa'^Bb will be i^e difference when they meet. Now thefe 
^(umtities (by |. 4. and 5.) remain the fame after ImpaA 1 bat 
xnowing the quantities of motion and quantities of matter, wc 
lave the Velocity (which J. 3. is the fame In both) by dividing 
the former by th^ latter* (as follows from $. 2.) therefore 

^ ^^ i, - * or — ^j p will in all caf<» erprefe the velocity of 
4^e Sod^ after Impaft# 

.9 y"i 
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VII. From hence it follows that the adion of 
Elaftic Bodies on each other (that of the fpring 
being equal to that of the ftrokc), is twice as 
much as the fame in Bodies void of Elafticity^ 
Therefore when Elaftic Bodies impinge on each 
other, the one lofcs and the other gains twice 
as much motion as if they had not been E- 
laftic 5 we have therefore an cafy way of de- 
termining the change of motion in Elaftic 
Bodies, knowing firft what it would have been 
in the fame circuntftances^ had the Bodies been 
void of Elafticity, 

Thus if there be two equal and Elaftic Bodies, 
the one in motion with 12 degrees of velo- 
city impinging on the other at reft, the im- 
pinging Body will communicate twice as much 
velocity as if it had not been Elaftic, that is, 
(by §. 4.) 12 degrees or all it had 5 confc- 
qucntly it will be at reft, and the other will 
move on with the whole velocity of the former* 

VIIL It fometimcs happens that in Bodies 
not Elaftic, the one lofes more than half its 
velocity, in which cafe fuppofing them Ela- 
ftic it lofcs more than all ; that is, the excels 
of what it lofcs above what it has, is negative^ 
or in a contrary diredion; thus fuppofe the 
circumftances of Impaft fuch, that a Body 
which has but 12 degrees of velocity, lofc» 
1 6 \ the overplus 4 is to be taken the contrary 
way, that is, the Body will rebound with 4 
degrees of velocity, oi/^^. Let it be required to de- 
termine 
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termine the velocity of a Body after Impaft. 
^ainft an immoveable objcd. Let us firft f up- 
pofe the Objed and Body both void of £la- 
fticity : 'tis evident the impinging Body would 
be ftopt or lofe aU its motion, and commu* 
nicate none $ if they are Elaftic, it mud: lofe 
twice as much (by §• 7;) and confequently will 
rebound with a force equal to that of the 
firokc 

IX. It is fufiicient if only one of the Bo- 
dies is Elaftic, provided tlae other be infinitely 
hard} for then the impreffion in the Elaftic 
Body will be double of what it would have 
been, had they both been equally Elaftic : and 
coafequcntly the force with which they re- 
bound will be the fame as if the impjrcijion 
had been equally divided between tjic two 
Bodies. 

X. There are 00 Bodies that we know 
pf, either perfc(£lly Elaftic or infinitely hard; 
the nearer therefore any Bodies approach to 
perfedion of Elafticity, fo much the nearer 
do the Laws they obferve in the mutual 
communication of their motioo> approach to 
thofe we have laid down. 

XL Sir IpMc Newton made trials with fe- 
veral Bodies, and found that the fame degree 
of Elafticity always appeared in the fame Bo- 
dies, with whatever force they were ftruck) 
ib that the Elaftic power in all the Bodies he 
.|p)94c txv^ ttPOO> exerted it felf io QOC con- 

p i ftaar 
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ftant proportion to the comprciling force. Hd 
found the celerity with which Balls of Wool 
bound up very compaft, receded from each 
other, to bear nearly the proportion of 5 to 9 
to the celerity wherewith they mets and in 
Steel he found nearly the fame proportion $ 
in Cork the Elafticity was fomething lefs^ 
but in Glafs much greater} for the celerity 
with which Balls of that material feparatcd 
dfter percuilion, he found to beat the propor- 
tion of 15 to 16 to the celerity wlierewich 
they met *. 

XIL We have hitherto fuppofcd the di- 
rcftion in which Bodies impinge upon one 
another to be perpendicular to their furfaces : 
when it is not fo, the force of Impad will be 
lefs, by how much the more that direftion va- 
ries from the perpendicular s for it is mani- 
feft that a dired impulfe is the greateft of all 
others that can he given with the fkme degree 
t)f velocity f. 

• Newt. Princip. Phil. pag. l\, 

\ Th< force of o^Hque Percuffioi^ i% t,o that of dirf&i m ihi 
Sine of the Angle of Incidence to the Radius. 

Dem, Let there be a plane as JD (Figy t^,) agftinft trhici 
let a Body impinge in the pointD io Ae ^oGBioaBJ) ; which 
line may be fuppofed to expre& the force of dired Impulfe^ and 
may be refolved into two others (Chip. 4. J. 2.) ^C iXidi'BAi 
the one panJIel, the other perpendidukr to the PUuie ; but thife 
Sotct which 18 everted in a diredi^n ^anUel to the Pbitt ca^. tf^ 
way affed it; the ftroke thenpfore arifes wholly from the other 
force exprefTed by the Hne BAi bnt Uiis is to the lln^ BD/ik 
the Sine of ^e.^gle 0f ]ncidfM»4^£ M tim!RfMwi'6fm 
frheace the PioBoftuoa 18 dcavf 

If 



Plate. VI. Paoc-L. 

//O.I.Z. P. A. -L. 




I 

J 





p ^ lV l !, ' !!" ! i '| |l ". ' „ ' " ■ , '■ ■! r ' I , "I ! ",^ — ;*^, 
\'i..i.ui.. !ii.|l„i:ii..i!.Li ■ } 






pimp* 9. €&amunicati6n ffiiMm. j^ 

XIIL This is the ttfc when Bodies itqpcl one 
dDothpr by a&ing Upon their iurfaces \ but iu 
forces where the (iir&ces of Bodies ace aoi: ooii- 
cerncd, as in Attra&ion &c. we HDuft Don»»fi« 
dcr the relation which the direftton of the iotOL 
has to the furface of the Body ito be momd^ 
but to the diredion in which it is to be movtd 
by that force. Here the fofoe of a<3ik)n wiii 
be le& by how mudi the more th€& two di^ 
redions vary from each other "^^ My meaiif 
iog in both cafes will be underftood from the 
Mance of a Ship under Sail. The force \>^ 
which the Wind afts upon the SaU, will bt 
kfs, by how much the more its dircdion va^ 
lies from one that is perpcrldicalar to xxs fur- 
face: but the force of the Sail to move the 
Ship forward, willbe left, by iiow much the 
more the diredion of the Ship's Courfe varies 
from that in which ftie k impelled i^ the 
SaU. 

If the furftce of the Body to be ftrack is a Curve, then let 
4T> be made a Tangent to D the point of Incidence, and the 
Bemonftration will be the fame. 

* The force of oblique a6tion is to that of dire6^, a^ the Co* 
Sine of the Angle comprehended between the dire^ion of the 
force, and that wherein a Body is to b^ moved thereby, to the 
lUdius. 

Dem. LetFD (Fig. 25.^ reprefent a force afting upoa a Body 
as Z>, and impelhng it towards E ; but let DMht the only way 
ia whieK-it ispoflble for the Body to move ; the force FD may be 
tcfolred (Chap. 4. J. 2.) into two others FG and FH, or which 
is equal to \t GD i but *ti3 evident that only the force GD im« 
pcb it towards M, Now, FD being the Radius, GD is th^ 
Co-Sine of the Angle FD G comprehended between the two di* 
ivftions FE and GJdi from when99 the propofiticm is cl^r. 
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' XIV. To this wc may add the following 
Proportion, relating to oblique forces* wz,. 
chat if a Body is drawn or impelled three dif- 
ferent ways at the fame time by as many for- 
ces afting in different direftions $ and the qoan- 
tity of thofe forces is fuch that the Body is 
kept in its place by them : then will the for- 
ces be to each other as the feveral iides of a 
triangle drawn refpcdively parallel to the di- 
^re&ions in which the forces zQt^. 

^ Dm. Let the lines JS, ADf AE^ (Fi^. 26 J rcprefcnt tkc 
'^ forces a£ting upon the Body A in thoie direfUons, and by that 
neans keeping it at reft in the point A. Then the forces EA 
and DA will be equivalent to BA otherwife the Body would 
he put into motion by them (contra Hypotb,) But thefe forces 
are alio equivalent to AC (Chap. 4. |. 2 ) confequcntly AC 
^nay cxprefs the other force, and EC^ which is parallel and equal 
to AD9 may exprefs that force : but ^C£ is a triangle whofip 
$des are all parallel to the given diredHons, therefore the fides of 
diis triangle will exprefs the relation of th^ forces by which th^ 
Bodf fa kept 9t lift. ^j^. 2}. 
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C H A P. X. 

Of the Mechanical Powers^ 

|. TTTAVING in the foregoing Chapter 
JLjL accounted for the Communicatioik 
ftf Motion by Impulfc j we proceed next ta 
conftder motion as communicated without Im« 
pulfe ; which is done by means c( certain In-^ 
ftmmentsy commonly known by the names 
of Mechanical Powers. The ufe of thefe Pow- 
ers coniifts chiefly in managing great Weights 
or performing other Works with a determi*'^ 
nate force. 

II. Thby arc ufually reckoned five, wz^ 
The Lever, the Wheel and Axis, the Pully, 
the Screw, and the Wedge s to which fonwe 
add the Inclined Plane. To thefe all Machines, 
how complicated foever are reducible. 

III. These Inftruments have been of very 
ancient ufe > for we find that JrchmeakSf w^ 
well acquainted with the extent of their Power, 
as may be inferred from that celebrated faying 
of his, AU "ttS rSy j^tIo) yUZ xikW. By which 
he meant that the greatcft imaginable Weight 
Plight be moved with the fmallefl: Power. 

IV. That Body which communicates mo-^ 
tlon to another, is called the Fowen that which 
4:5ccivc5 it, the Weight. 

V, 
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V. That point in a Body which remains 
at reft, while the Body is tuitning round* is 
called the Ctnur of Motion. Befidesthis. there 
are two other Centers .in Bodies^ ,i. that o£ 
Moff^itnde^ which is a pointy as near as poili** 
ble, equally diftant from ail the external parts 
of the Body $ %. that of Qraviiy^ qt that about 
"^hich all the parts of the Body, in whatever 
fmatioa k is placed^ eaca&ly balance cacb 
Other. 

. VI. Whqv a Body communicates nuxioa 
to another it lofcs juft To much of its own* 
as it commufiicates to th^t others the zSdofk 
of one being equal to dbe ceaAion of the o(hef « 
See Chapter tiii^ laft §. 4« aad s* 

VII. When two Bodies have fuch relation 
to each other (fuppofe them fixed to different 
parts of the lame Machine) that if one be pur 
ijpto motion, the other will thereby haye ne-* 
ceflarily fuch a degree of velocity given it« 
that thcU Moments *. will be equal j it wiU 
then be impoiGble that one fhould begin to 
saove without communicating to the other 4 

♦ It was propofed (Chapter the lafij to give feme fif thcr ex- 
plication of the term Momentum in this place, and to fhew that 
the Force or Power any Body has (ei(cept fuch afl doesi not pro-* 
ceed from niotion) wholly dependa upon it : it being then intended! 
to treat this Subje^l in the ufual way. But the method here made 
tife of renders fuch explication unnecc&ry ; 'tis fuffieient if the 
Reader tindcrilands by it the quantit}*^ of motioo in a Bpdy, or 
its quantity of matter nttiltipUcd by it» velodty* a9 defined ia 
*at Chajg^to;. * ' . 
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quantity of motion equal to its own 5 'tis cvi* 
4ent therefore from tlie laft Propofition, that 
if wc fuppofe it to begin to movc$ in that 
very inftant it muft lofe all its own motion by 
communicating it to the other Body : and con* 
fcquently will remain at reft, communicating 
none at alL Now the Momerits of two Bo- 
dies are equal (Chap. 9. §• z.) when the velo- 
city of the firfl is to that of thefecond, as the 
quantity of matter of the fecond to that of the 
firfts for if we fuppofe their quantities of 
matter as i to 3, then by the fuppofition their 
velocities are as 3 to 1$ and if we multiply 
the quantity of matter in the firft viz. i, by 
its velocity 3, and that of the other viz. 3 by 
its velocity i $ their produds are equal y their 
Moments are therefore by the Definition (Chap. 
9- §• I. and z.) equaL They will alfo be e* 
qual, when the fpaces the Bodies pais over arc 
in that proportion 5 for the times they both 
move in being the fame> the ipacos will always 
be as the velocities^ 

VIII. From hence it follows^ that in any 
Machine whether fimple or compound, the 
Power however fmall may have a Moment 
equal to that of the Weighty provided the 
Machine be fuch, that when it is in vao^ 
tion, the velocity of the Power Ihall exceed 
that of the Weight, as much as the Weight 
is larger than the Power 5 for then what the 
Power waiits in quantity oi matter or weight 

H will 
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will be made up in velocity; confcqucntly 
their Moments will be equal by §• the laft, and 
therefore by §. 7- they will exadly balance each 
ether 5 or be in ^qui&hrio. 

IX. But if the Power bears a greater pro- 
portion to the Weight, than the velocity of 
the Weight to that of the Power 5 it will then 
have a greater Momentum than the other, and 
confcqucntly may communicate fuch a Mo- 
mentum to it as it will receive, without lofing 
all its own $ the remainder therefore, if fuffi- 
Cient to overcome the fridion of the Machine, 
will put it into motion. We proceed nowta 
treat of each Mechanical Power in its order, and 

I. Of the Lever. 

X. The Lever is a right line (orbarwhofc 
weight in Theory is not confidered) moveable 
on a Center, which k; called its Fulcrum^ or 
fixed Point. 

XI. The ^Equilibrium in this Machine isr 
when the dlftance of the Power from the fix- 
^d point is to that of the Weigjtit from the 
fame, as the quantity of matter in the Weight 
to that in the Powen 

For fuppoftng the Lever placed on its Ful* 
crum with the Weight to be raifed at one 
end, and the Power applied to the other 5 
**tis evident the farther the Power is placed 
from the Fulcrum or center of mation» thtf 
larger will be its fweep when the Machine is 
put in motion } that is, it will move over fo 

macb 



much more fpacc in the fame time than the 
Weight to be rai&d : now if it is placed iuft 
fo much farther from the Falcrum, as it is 
le(s than the Weight, it will move jaft fo 
0Uich faftcr ; their Moments therefore will be c* 
qaal (§.7.) and coniequently the Power and 
Weigllit will exadly balance each other, or be 
in iEqoilibrio *. And if the Power is fuffi* 
cicatly augmented to o\xrconie the fridion of 
the Machine, it will put it in motion. 

The Lever is of 3 kinds, i. When the 
fixed point is between the Weight and the 
Power, as in the Jaflcafc. z. When the Weight 
is between the fixed point and the Power. 
3. When the Pi3wcr is between the fixed point 
and the Weight. 

In ail which caG:s the ^Equilibrium will be> 
when their diftanccs from the fixed point are 
fiicb, that their velocities fhall be invcrfcly as 
their quantities of matter $ for then by §. 7. 
being at reft, neither of them will comma- 
iiicatc any motion to the other. 

• <j6omttricany tkus. Let AS (Fig, %j.) reprefimt the 
I..ever» F the Fulcruniy W tkc Weight, P the Power, the one 
fufpended at the extremity of the Lever A^ the other at J7, and 
let 5 F be to Fw/as W to P i then while the Lever moves from 
die ittoatioo ^^ into that of CD, the point \9 which fuilains 
the Power will move ai much farther than A which fiiilains the 
Weight (and confequently as n)uch fafter fince they perform 
iheit ouKicms ia t^e fame time) a3 the arch BD i$ longer than 
4C ; that is, the triangles BFD and AFC being flmilar, as the 
arm JF is longer than AF^ which (ex Hypoth,) is as much af 
the Wdgkt exceeds the Power, they will therefore (J. 7.) be ia 

H 3/ Tw 
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The common Scales may be confidcr- 
ed as a Lever of the firft kindt where the 
Weight and Power are applied at equal diftan- 
tz"^ from the fixed point. 

The Steelyard is alfo a Lever of the firft 
kind, whofe arms are unequaL 

The difference between the ufe of the 
Scales and the Steelyard conftfts in this^ that 
as in one you make ufe of a larger Pow- 
er (or more Weights) to eftimate the weight 
of an heavier Body j in the other you ufe the 
fame Power, but give it a greater velocity 
with refpeft to that of the Weight by apply- 
ing it farther from the fixed point, which by 
|. 7. will have the fame effcd. 

II. The Wheei. and Axis. 

XII. This Machine is a Wheel, that turns 
round together with its Axis 5 the Power in 
this is applied to the Circumference of the 
Wheel, and the Weight drawn up by means 
t)f a Rope wound about the Axis. 

XIII. In this there will be an ^Equilibrium, 
i^hen the Weight is to the Power, as the Dia- 
iQieter of the Wheel to the Diameter of the 
Axis. 

Tis evident^ the velocity of the Power will 
exceed the velocity of the Weight, as much 
as the Circumference of the Wheel exceeds 
that of its Axis $ becaufe the fpaces they pafs 
over in one revolution will be as thofe Cir- 
cumferences i that is^ as much as the Diameter 
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of one exceeds that of the other, (the Circum^ 
ferences of Circles being as their Diameters ;X 
what therefore in this cafe the Power wants ia. 
weight will be made up in velocity, front 
whence {§. 7.) there will be an ^Equilibrium *• 
The ufe of this Machine is to raife 
Weights to greater heights than the Lever caa 
do, becaufe the Wheel is capable of being 
turned feveral times round, which the Levee 
is not 5 and alfo to communicate motion from 
one part of a Machine to another s accordingly 
there are few compound Machines without it^ 

in. The Pulley. 

XIV. A Pulley is an Inftrument compofed 
of one or more Wheels moveable on their 
Aies. 

XV. A fimple Pulley, if its Axis is fixed, 
is of no other ufe, than to alter the dire- 
dion of the Power; for the Power and 
Weight will both move through an equal 
fpace in the fame time. But in a Pulley not 
fixed, as in Fig. 29. where the Rope runs un« 
der iu or in a combination of Pullies as itk 
Fig. 30. the ^Equilibrium will be, when the» 

* Geometrically thus. Let AB (Fig. 28. ) be the Diameter, 
of the Wheel, Z> 5 that of the Asds, /T the Weight, and P the 
Power ; when the Wheel begins to move, the point B and !> 
will defcribe iimilar Arches about the Center C, in the fame 
manner the point A and B in the Lever were ihewn to do about 
the faed point F (Fig. zy.) that is the point B will move ;i». 
much faftcr than D, as €^ is longer than CD or AB than DE^ 
the motion therefore of P (J, 7.) will bQ equal to, Uut of W* 

fiqpi wJ»eqge ^ ff<^^i^P9^ ]» $?le«r^ 

Powd 
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Power is CO the Weighty ai one to the num- 
ber of Ropes* that pais between the upper a^nd 
lower Pullies. 

Suppose one end of the Rope fixed in B 
f Jig. 29J the other fupported by the Power 
P, it is evident* that in order to raife the Wdghc 
W one foot^ the Power muft riie two, for 
^th Ro^es vixn jB C and C P^ will be (horten* 
xd a foot apiece, whence the ipacc run ovor 
by the Power^ will be doable to that of the 
Weight Mf therefore the Power is to the Weight 
as I to 2, their Moments will be equal : fc^ 
the fame reafoa if there be 4 Ropes paiGng 
from the upper to the lower Pullies as in Fig. 
30, the velocity of the Power will be quadru- 
ple to that of the Weight* or as 4 to i. c^r. to 
all caCes therefore when tbe Power is to the 
'Weight, as one to the number of Ropes paf^ 
ling ftom the upper to the lower Pallie^^ (^•J^) 
there will be an i£quilibriaaa. 

XYI. If the Pullies be di^oied as in FiguM 
the 31/9 each having its own particular Ropc> 
the adion of the Power will be very much in^ 
aeafed ; for here every Polly doubks it:* where^ 
fore the Power is 4 times greater with 2 PuIt 
lies* ^ times with )* x6 times with 4 c^r. For 
it is evideot from die consideration of the Fi^ 
gure, the firA will ngiove half as faft as th^ 
Power* the fecond half as fad: as that, and fb on ; 
ijvhercforc (§/ 7.) the Ppw^ i? dwWipd by 
each Pulley^ 
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Thb ufe of the Pulley is nearly the fame 
with that of the Wheel and Axis* but it ii 
more portable and eaHer to be fixed up* 

IV- The Screw* 

XVIL In this Machine the iEquilibrium 
will be, when the Power is to the Weightt 
K the dillance between any two contiguous 
threads or fpirals in the Screw, to the way de* 
fcribed by the Power in one whole revolu- 
tion. It is manifeft from the form of the 
Machine (Fig. ii,) that in one revolution of 
the Screw, the Weight will be moved through 
a fpace equal to the diftance of two contiguous 
threads, and that the Power will run through 
9 fpace equal to the compafs it takes in one 
revolution, therefore (§• 7.) if the Weight 
fxcecds the Power in this proportion> there 
ivill be an ^Equilibrium. 

This Machine is of great force* and 
very ufeful in retaining Bodies in a comprefTcd 
flate, becaufe it will not run back, as the 
three foregoing will when the Power is re^ 
xnoved. This arifes fronv the great fridion 
of thofe part^ in the Sccew> which during it$ 
motion Aide upon thofe, that are at reft. 

V. The Wedge. 

XVIII. This Inftrumcnt is formed by two 
equal redangles joined at their lower bafes, 
and feparatcd at their upper oneSj» by a third y 
whidi is called the if^k of the. Wedge j the o-«. 
t!;i« twp, its Sides. 

XIX- 
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XIX. In the foregoing Mechanical Pow- 
ers we have all along confldered the Weight, 
as moved in the fame diredion with that in 
which it is aded upon by the Machinet as is 
conmionly the cafe $ but in this^ the Weight 
is generally applied in fuch a manner as to 
be made to move in a diredion different from 
that in which it is protruded by the Wedge 5 
hence it is, that Mathematicians have differed 
in their determination of the Power of this 
Machine, fome coniiderjing the Weight as mo* 
ved by it in one diredion and fome in another. 
Nay there are fome (I fpeak of late Writers) 
that have differed from Truth it felf. We will 
therefore lay down the feveral Proportions they 
have given us for the determining the Power 
of this Machine and examine them one by one. 
I . It is demoriftrated by fome, that the Power 
will be equivalent to the refiflance of the 
Weight, when it bears fuch proportion to it, 
as the breadth of the Back of the Wedge, does 
to the fum of its Sides; or, which is the 
fame things as half that breadth to one of its 
Sides. 2. Others make it fomewhat larger, 
and demonftrate that it ought to be as half 
the breadth of the back to the perpendicular 
height of the Wedge, j. Some are of opi- 
nion, that there will not be an .^quilibriura 
in this Machine, unlefs the Power is toithe 
Weight, as the whole breadth of the Back to 

the perpendicular height. Wdlis^ Keil &c. 4* 

Graven 
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GrMTjefamle in Kis Elements (L. I. Ch. 1 3 .) gives u$ 
the fame proportion with the laft 5 and in his 
SchoUwn de ligno findetuh^ tells us> that when the 
parts of the wood are feparated no farther than 
the Wedge is driven in> the -/Equilibrium will 
be, when the Power is to the Rcfiftance, as 
half the breadth of the Back of the Wedge to 
one of its Sides. 

Those who lay down the firft Proportion 
for determining the Power of this Machine, 
fuppoi^ the parts, which are feparated from 
each other tliereby, to recede from their firft 
fimation in diredions perpendicular to the 
fides of the Wedge. Thus let A C B {Fig. 3 3 .; 
rcprefenta Wcdge$ P,P, two Bodies to be fe- 
parated by It, the one to be moved towards 
I> the other towards F^ in the dire£tions C£ 
and CF perpendicular to AC and CBj then 
Vis evident that when the Wedge is driveji irt 
to the fituation MNO, the two Bodies will 
be moved to Q^and Qj that is, one will have 
pafled through the fpace CK the other through 
CL, but thefe fpaccs being equal, their velo- 
cities are the fame as if they had both palled 
over one of them. v.g. CL, or which is equal 

i toitDG (drawn perpendicular to CB)> thcre-^ 
fore the Power which we fuppofe applied at 

j D moves through DC, while the obftacle 
moves through DG, confequently (§. 7-) when 
the Power is to the Weight as DG to DC, 

I that 
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that is, as DB to CB*, or half the Back of 
the Wedge to one of its Sides, they will be in iE- 
quilibrio. This proportion therefore, when 
the parts of the Weight arc moved by the 
Wedge in the dircdions CI and CF, may be 
admitted as true* 

2. The fccond proportion is alfo true, fup- 
pofing the Bodies P, P, to recede from each 
other in the directions CN, CM, parallel to 
AB the Back of the Wedge; for when the 
Wedge is driven in between them, to the 
fituation MNO, the Bodies will have moved 
through a fpace as C N, or which is equal to 
it DB, half the Back* of the Wedge,^ and the 
Power through a fpace equal to its height as 
before 5 conlequently (§. 7.) in this eafe, the 
^Equilibrium will be, when the Power is to 
the Weight, as half the Back of the Wedge 
to its height \. 

♦ For (8. J?/m. 6.) the triangles DCG and 2) C-ff arc fimilar, 
and confeqiiently DG : DC : :DB : BC. 

f The fame may be othcrvvife demonflrated from 8Wlion 14. 
Chapter 9. thus. Let there be a Body as L (Fig, 34. ) drawn 
againrt the Wedge JBC by the Weighs TF, in the dire£lion LF; 
parallel to the back of the Wedge AB ; but prevented from Aiding 
down towards C by a Plane (wkofe upper furface we may fup- 
pofe reprefented oy EF) lying under it. I fay, the Power 
will be to the Weight, when they are in ^quilibrio, as D ^ 
to DC. 

Dem. The Body L is here afted upon in three dire^ons, viz. 
by the force of the Weight fF in the direftion ZF, by the twd 
Planes CB and EF, in the direftions LG and LI, perpendicular 
to their furfaces; let G£ be drawn parallel to LI, then will 
the triangle LGE have all its fides refpedlively parallel to thofc 
ilirti^w; confecjuently (Chap. 9. J, 14.) if we fuppofc LE to 

cxpreft 
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3. Those, who imagine there will not be 
M iEquiUbrium, anlcfs the Power be to the 
Weight, as the whole breadth of the Back of 
the Wedge to its heiglit, fuppofe as in the laft 
cafe, that the Bodies to be fcparatcd, recede from 
each other in diredions parallel to the Back 
of the Wedge; and endeavour to fupport 
their opinion by the following Argument : 
viz,, that, when the Wedse is driven in to the 
fituation MNO (Fig. 33.; as before, each part 
of the Weight having moved through a fpace 
equal to half the Back of the Wedge, the whole 
Weight has therefore moved through twice 
fo much, or a (pace equal to the whole Back: 
36 much as to fay, the whole has moved far- 
ther than its parts 5 which is abfurd* 

crpreis the force of the Weight W, GL will reprefent the pref- 
fure of the Body L againft the Wedge ; and if that is refolved 
into GE and GH the one perpendicular to the direftion of the 
Power, the other parallel and contrary to it ; the latt, viz. GE, 
will exprefs the whole force of the Weight to rcfift the motion 
of the Power; but G £ is to £ L, as Z)^ to DC .(for the triangle 
EGL znd DEC are fimilar, the (ides of one being ex Conftruci, 
refpeftively perpendicular to thofe in the other ; v. g. LGxoCB, 
EL to DC and GE to DB) i confequentlv.th»e Power is to thp 
Weight, when they balante each other, as half th,e breadth of 
the Back of the Wedge to its height. ^ E, D-. 

Carol, Suppofe the 9oi4j^ L had b^en drawn againft ^Ife Wec^e 
in the direftion GL perpendicular to its furface, and toibe lyio- 
vcd by the Wedge in the contrary diredion towards G, as in the 
firft cafe,; then if GL cxprefles |he foro^ with wftich it is drawn 
towards the Wedge, GE will be that with which it rcfifts the 
Power; but GEisXoGL^s DB to BCy the triangles EGL and 
DBC being fimilar s cpnffcqueritly iti this cafe, the Pxjwcr will • 
be to the Weight, as half tl>e breadtl> of, the Bacl^ gf t^ ^ 
^edge to one of its fides ; as was before defhohilrji(ip4* 
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4. This is Criwefandes miftake in his EU^ 
mentSy the fame he has alfa made in his Schth 
Hum dc Ugno findendoy and thereby determined 
the Power in both places to be twice as big» 
as it ought to be. If he had proceeded in the 
following manner^ his Argument would have 
been eaHer* as well as the Conclufton jufter. 
Suppofe the Wedge ABC driven into the 
Wood QLQi (as reprefented Fig. 35.) which 
is fplit no farther than the point of the Wedge, 
or however no farther than is juft fufficient to 
give it room to move, I fay that in this ittaa- 
tion of the Wedge, the Power is to the Weight, 
as one fourth part of the Back of the Wedge to 
one of its Sides. For it is cvidentt that when 
the upper ends of the Wood, which prefs a- 
gainft the Wedge in the points G, Ht are put 
into motion by the Wedge, they will mpvc 
in the directions HI and GF, perpendicular to 
the fides of the Wedge, becaufe they turn as 
it were upon a joyot at L, which we fuppofc 
contiguous to C : again, fince only the upper 
ends of the Wood are put into motion, and 
not the lower ones, which remain at L j 'tis 
evident that the motion of each piece (Aip-^ 
poftng their thicknefs the fame from end to 
end, and their fubftance uniform) will be 
but half, what it other wife would have been. 
Now were all the parts of the Wood to have 
the fanie degree of velocity, the Power would 
be to the Weight, as in the firft cafe^ w;?* 
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as DB to BC (Fig. 33 J } therefore in this 
cafe, it is as half DB to BC, or as one fourth 
part of the Back of the Wedge to one of its 

. 6ides« Which was to be proved. 

I XX. The form oixht Inclined plane being no 
other than that of half a Wedge, as is mani« 
fcft from the reprefentation of it {Fig. 3 6.) it 
follows that what has been demonitrated of 
the one, may be applied to the otheo ^nd 
the properties of both will be the fame. Fot 
inftancc, if the Weight W is to be raifed up 
the Plane CB, by the Pow?r P, ihadiredion 
parallel to the Plane j inftead of that, we may 
fuppofe the Weight prcivcnted from running off 
the Plane by the String WB> and the inclin- 
cd Plane driven under it like a Wedge in the 
diredion DC : then will the Weight rife to- 
wards G in a direftion perpendicular to CB, 
for we muft always fuppofe the String CB 
parallel to the Plane, as it would have been* 
if the Weight had been drawn up by it ; then 
will the aftiort of the Plane upon the Weight 
J)c fimil^r to that of thfc Wedge in the firft 
fafes and confequently the Power will beat 
^uch proportion to the Weight, as DB to B Ci 
that is, as tiuc height of the Plane to its length; 
Again, fuppofe the Weight was to have bcert 
drawn up the Plane! by a String in the dire- 
ftion WF parallel to the bafe of the Inclin- 
ed Plane C B 5 then if the Plane be driven un- 
fier the Weight as b(fore^ it n^uft rife in a 

^ir€(^iot) 
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dircdion perpendicular to CD, that js parallel 
to DB : then the cafe will be analogous to the 
zd of the Wedge 5 confequently the Power 
will be to the refiftancc of the Weight, when 
there is an iEquilibriunit in the proportion of 
DB to DC as there demonftrated. 

XXL These are the Powers or Machines^ 
which under different forms, conftitute all o« 
thers how complicated foever ; and as the M,-- 
quilibrium in any one of thefe is, when the 
Power and Weight arc inverfely as their ve- 
locities 5 fo in a Machine however compound- 
ed, the Power and the Weight will exactly 
balance each other, when they are in this 
proportion; for by §. 7. their Moments will 
then be equal, and the Machine, if at reft will 
continue in that ftate; and if put into motion 
by flin external force, will gradually lofe it, 
when that force ceafes to aft 5 on account of 
the unavoidably friction of the Machine, and 
the refiftance of the Air, which it muft neccf- 
farily meet with, unlefs its motion could be 
performed in a perfed Vacuum. From hence • 
we fee the impoflibility of contriving an En- 
gine , whofe^ motion fhould be ferfttuM^ • 
that is, fuch as does not owe its continuance 
to the application of fome external force ; a 
Problem that has given birth to an almoft 
infinite number of Schemes and Contrivances. 
For unlefs fome method could be found out 
of gaining a force, by the artful difpofition 
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and combination of the Mechanical Powers, e-^ 
qulvalent to that which is continually dcftroy- 
cd by fridion^ and the refiftancc of the Air, 
the motion which was at firft given to the 
Machine muft at length be neccffarily loft. But 
we fee, that thofe Inftrumcnts are only diffe- 
rent means, whereby one Body communicates 
its motion to another j and not deftgned to 
produce a force which had no cxiftence be- 
fore. A given force may be difpofed be- 
tween the Power and the Weight an infinite 
number of ways 5 but can never be augment- 
ed by any Mechanifm whatever : fo much as 
we place in the Power will always be loft to 
the Weight, and what we attribute to the 
Weight will never be found in the Power. 
Tis for want of a due confideration of this, 
that fo many Mechanical Defigns have proved 
abortive, fo many Engines unequal to the 
performance for which they were dcfigncd» 
and fo many impoilibilities attempted. 

If it were poffible, fays Bp. Wilkins^ to 
contrive fuch an invention, whereby any 
" conceivable Weight may be moved by any 
*« conceivable Power, both with equal velocity 
" (as it is in thofe things which are immediately 
" ftirred by the hand, without the help of any 
" other inftrument) the works of Nature 
" would be then too much fub)e£tcd to the 
" power of Art ; and Men might be thereby 
" encouraged (with the Builder* of B^hel^ or 
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** the rcbd Giants) to fiich bpJd d!p%a^ 33; 
*• would not become a crcatcid Being, And 
" therefore, tHc Wifdom o^ Hroyidencc hasJo 
" confined thefc hupiaji Arts, that what, an 
<* invention hatii in the y?r«^//& of its. motion. 
" is abated, in the Jhmmefs of it 5 apd what it 
*' has in the ejctraordinary q^eknefi of its mo- 
*' tion, muft be allowcd.for in the gtcat./r^«/;^ 
" requifite in the ^o\^er, which is to ijiovc 
*' it*. . 

* Wilkinsa M«theia. Magick. p. 104, 
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CHAP. I. 

Of the Vibration of a Pendulum in 

a Cycloid. 



Proposition I. 

F a Pendulum be made to vibrate in a 
Cycloid, all its Vibrations, however une- 
qual, will be ifocrcnous j that is, they will be 
performed in equal Times {a). 
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{a) In order td demonftrate this Propofidoo, it will be proper 
to lay down the following Lemma's. 

L E M M A I. 

If a Bo<fy defcendsfrom A along the Line AX, ( Appen£x Piati^ 
Fig, I*) Sy 'Virtue of a Force fVjbicb decreafes in Proportion as tht 
Diftance of the Body from X decreafes ; that is^ if ivhen the Boih 
€omes to M, N, O, &c. the AStion of that Force upon the Body^ be 
as the Diftances XM, XN, XO, &c. re/pec}i<veiy : And if the laft 
acquired Velocity of the Body \ that is^ its Velocity ivhen it comes ta 
Xy he expre^edf orfet off^ by the Perpendicular XB,' eamd in Length 
to the Line AX, and its Velocities at M, N, O, Cff. he fit off 
there by the Lines MD, NP, OQ, &c. in Length proportionable 
to each other and to the Line XB, as the Velocities of the falttng 
Bodf at M, Nj O, &c. are to each other and to its laft Velocity ai 
X : And if through the Extremities of theje Lines^ the Curve ADB 
be dransm ; I Jay^ that Curve iviU be a Portion of a Circle : And 
ibe 7ime in ijubicb the Body will defcend tbrnsgb the 'voMe Spfice or 

Vol I, T Idn$ 



2 Ai^PENDix to Part I. 

Line AX {or ofy Part ofit^ as MO] ijoill be fuch Time, as fwoMU 
be requifite for it to defer the the *whoie Arch AB [tfr att) Pftrt as 
DQy corrtf^ensSng to MO] in^ *mtb its lafi acquired Velocity 
ai X. 

Demonftration of the Lemma. Parallel and contiguous to the 
Line MD, draw NP, in which Cafe the Line MN becomes a 
Pointy and the Arch DP a Tangent to the Curve: Produce PD 
till it meets XA produced, in T ; draw the Line XD ; and let 
fall the Perpendicular DL. Then the Lines DL and TM being 
parallel, the Angles PDL and DTM are equal, as being alter- 
nate (by 27 Elem. 1.)$ and the Angles at L and M as being 
right ones ; the Triangles therefore PDL and DTM are fimilar, 
which for the Sake of referring to it afterwards, let us make the 



The Triangles PDL and 
DTM are iimilar 

PL : LD : : DM : MT. 
LD = MN 



MNisiLsMD. 

PL : MD : : DM : MT 



firft Step of the following Procefs 

From the firft Step we have this 

Proportion (5 Elem. 6.) 
By the Figure 
But MD being the Velocity when 

the defcending Body comes to 

M, the Point MN is defcribed 

with that Velocity; for there 

is no Acceleration, during the 

PafTage of a Body over a Point ; 

confequently MN is proporti- 
onable to MD ; that is, 
Comparing the fecond, third, and 

fourth Steps 
But MD and NP being the Velo- 
cities of the defcending Body at 

M and N, LP the Difference of 

thofe Lines, exprefCng the In- 

creafe of Velocity hi the Body, 

will be proportionable to the 

moving Force at the Point MN ; 

that is, by the Suppofition, to 

the Diftance XM ; therefore 6 PL is as XM 
Comparing the fifth and fixth 7 XM : MD : : DM : MT 
Confequently (5 Elem. 6.) v j 8 The Triangles XMD and 

DMT are fimilar. 

And therefore, fince their Angles at M are right ones, the 
Triangle TDX is (by the Converfe of Prop. 8. Elem. 6.) right 
anglea at D. Confequently fmce the iame is true of any other 

Point 



I ,^ 
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PoiBt of the Ciir?c as wcD as D, the Aich ADB is a Portion 
ofa Circle (i6 Ekm. 3.) Whidi is the liift P^ot. 

Secondly, oompariog the Mt and 
e^^tth Steps, the Tiianglcs 
PDL and XMD are fimilari 

LD : DM : : DP : DX 

DX = XB 



ADB bong a PortiQa of a Ciide, 

as already prored 
Comparii^ the 3d, 9di and lOth 



lOJ 



" 



MN:DM::DP:XB. 



Since dien die Pmnt MN bears the fame Proportion to MD, 
cr the Velocity it is defcribcd with by the fallidg Body» that 
the Point DP does to the laft acquired Velocity XB, it follows 
that the former, MN, is defoibed in the fame Tune with the 
Velocity the Body has when there, that the latter, DP, might 
be widi the laft acquired Velocity XB. And fince the fame is 
trae of every other Part of the Arch ADB, it is obvious that 
the Time in vfhkh the Body will defcend through any other 
Part of the Space AX, [or the whole of it,] will be 4ich as 
would be required for it to defaibe any correfponding Part of 
the Arch ADB, [or the lyhole of it,] with the laft acquired 
Velocity XB. Which was the other Part, 

Coroi. Henoe it follows, that if a Body defcends along die 
Line AX, by Virtue of Forces acting upon it at A, M, N, Q» 
&r. proportionably to the Length of the Lines XA» XM, XN, 
XO, &r. and if on X as a Center, and with the Radius XA « 
Portion of a Circle, as ADB^ be defcribed ; and if the Radius 
or whole Sine XB, be put to reprefent the Velocity of the Body 
when it comes to X, the other Sines MD, NP, OQ, &r. will 
reprefent the refpeftive Velocities of the Body at the feveral , 
points M, N, O, &r. And converfely, if one of the Sines, 
as MD, be put to exprefs its Velocity at M, the other Sines 
NP, OQ, and the Radius or whole Sine XB, will express the 
Velocity of the Body at thofe other Points N, O and X« 

LEMMA XL 

If a Bo^ moves along the Line AX, (Fig. 2^) anil be urged 
M the Way by Forces proportionable to its Difiame from the Point 
X ; fwhatrver Point of that Line it Jets out from^ it "^ill come t9 
the Point X in the fame Time. Which Time luill bear fuch Pre* 
portion to the Time it <wotdd move over the vuhok Line AX /», vAth 
the Velocity itjhall acquire by falling through the whole line AX, 
eu the Semicircumferenct of a Qrcle does to its Diameter* 

F 2 Dem* 
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Dem. Let two Bodies A and P fet out from the Points A and 
P at the fame Time i and let them be urged by Forces propor- 
tionable to their Diftances from the Point X : I fay, thofe Bodies 
will come to X at the fame Inilant of Time; that is, they wHl 
overtake one another at that Point. On X as a Center, and 
with the Radius's XA and XP defcribe the two Quadrants AB 
and PQj and ^raw the Line SX, and the Sines RS and MN; 
and let the whole Sine or Radius XB exprefs the Velocity the ' 
Body A will acquire by falling to X: Then by Corollary of 
Lemma i . will the Sine RS, if taken as near as poffible to A, 
exprefs the firft Velocity of the Body A. But the Force, which 
urges the Body A is fuppofed to be to that which urges the Body 
P, as XA to XP (or becaufe the Archs AS and PN are iimilar) 
as RS to MN : As therefore RS exprefles the firft Velocity of A» 
MN will exprefs the firft Velocity of the other Body P : And 
therefore by the fan\e Corollary, its Velocity when it cOmes to X» 
will be expreffible by XQ:^ Farther, the Time the Body A falls 
to X in, is by Lemma i . equal to the Time the Arch AB would 
be defcribed in with the Velocity XB ; and the Time the other 
Body falls from P to X in, is equal to the Time the Arch PQ^ 
would be defcribed in with the Velocity XQ^ But a Body wfll 
be as long in moving over the Arch PQ^with the Velocity XQ. 
as over the Arch AB with the Velocity XB, the Lines XQ^an3 
XB having the fame Proportion to each other, that the Archs 
have. Therefore the Time the Body A falls to X in, is equal 
to the Time the other Body P would fall to that Place in. 
Which was the firft Part. 



Again by Lemma i. 



Axiom, or felf evident 
Pfopofition 



Comparing die firft and 
fecond 



The Time a Body would fall from 
A to X in, is equal to the Time 
it would move oyer the Arch AB 
in, with its laft acquired Velo- 
city at X. 

The Time a Body would move 
over the Arch AB in with the 
laft acquifed Velocity at X, is 
to the Time it would move 
over AX in with the fame Ve- 
locity, as A B IS to AX. 

The Time a Body would fall frona 
A to X in, is to the Time it 
would move over AX in with 
the laft acquired Velocity, as 

• AB is ta AX. 

Axiom 



•i' 
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_ dK 3^ ^sli 



4 1 AB is to AX tt tiooe Aft » to 
I twioc AX, 

Twice AB is to rmicf A\ » ^ 
Scs:ikirc«2U«reDoe ot & CiKle 
is to its I>.a{Bcscr« 

TWTine a aoJj woold 6J1 trooi 
A to X in, is to theTuDe it 
woold nore<yvcrA^* in «;tli 
its laft acquired VelodtT* as ^ 
Of m w , H tmiA icfgicc ol a Opcr 
is to its Diimeter. Wluckiras 
ckc icoond P^tfC * 



I -^ 



6.) 
And for like HeafiiDs 

Bat by Parti. C]up.6. §2. 



LEMMA HL 

^Jrm tie A^MXramJi Pmwt •/ m Ortk^ m X, (Ftg. ^J tt 
^^ewm the CberA XQjami XO, tie Pewr ^/Grmnt^ «i^ t^ 
JkOam/e m Bmfy f i^cemi aln^ tie firmer^ tviU he tetke Pevoer 
nMiherdj it/mUcmm/e it t9 defcewielmg the Utter^ m tie Lti^ ef 
Ae/mmer istetie lemgth •/ the Uitet. 

Dem. Draw d^ Dianieter > D, die Perpendiculan QR an4 
OS; and join die Points QD and OD. Tken ^by 31 Elem. 3.) 
die Tiiangle XQD is right-an^ed at Qj and therefbie (by 8 

I I :R:>CL:: CL: XD. 
a \S : XO : : aO : XD 

The ^k& or Power of Gravity 
upon a Body defcending along 
the Chord Qj.^ is to that whica 
it exerts upon another falling 
freely ; that is, to its whole 
Power, as R to .Q^ 
The Power of Gravity upon a 
Body defcending along tho 
. Chord OX, is to its whole 
" Power, as >.S to \0, 
The Power of Gravity upon 4 
Body defcending along the 
Chord QJC, is to its Vhole 
Power, as ^.Qjo xD. 
The Power of Gravity upon |i 
Body defcending along the 
Chord OX, is to its whole 
Power, a$ XO to XD. 



And alio 



Comparing the i ft and 5d 



Comparing the 2d and 4th 






F3 



Comparing 
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Comparing the 5th and 

6th Steps 7 The ^ower of Gravity upon z 

Body defcending along the 
Chord QX, is to the Power 
of Gravity upon a Body de* 
fcending sdong the Chord OX, 
as XQ^to XO. CLE. D. 
The Defcription of a Cycloid, with the Definitions relating 
thereto. If a circle as FCH (Fig. 4,) be rolled along the Line 
AB, till it has turned once round ; the Point C in its Circum* 
ference, which at ^ft touched the Line at A, will defcribe the 
Curve Line ACXB, which Curve is called a Cycloid. The right 
Line AB is its Bafe : 'i he middle Point X is its Vertex : And a 
PerpencHcular, as > D, let fall from thence to the Bafe, is its 
jixu: And the Circle FCH, or any other as XGD, e^ual there- 
to, b called the Generating Qrcle, 

LEMMA IV, 

Jf en XD, the Axis of the Cycloid^ eu a Diameter^ tM gene-^ 
rating Circle XGD Ife defcribedi and if from a Point in the Cy- 
cloid, as C, the line CIK be drawn Parallel to the Baje^ the 
Portion of it CG, njuill be equal to the Arch GX. 

Dem. Draw the Diameter HF, then the Circles FCH and 
DGX being equal 
Adding G\ to each of them 
By the Figure ' 

Comparing the two laft 
By the Dcicripuon of the Cycloid 
By the Figure 
Comparing the 5th and 6th 
By the Defcription of the Cycloid 
Comparing the^thand 8th with 

the Figure 
Comparing the 4th and the 9th 

I 

LEMMA V. 

The fame Things being fufpofed as in the foregoing Lemma^ a 
Tangent to the Cyclcu- at the Point C^ is parallel to GX a Chord 
of the Circle LGA 

Dem. It appears from the Defcription of the Cycloid, that 
fince the Aiig.c i*CH is a rig it one, (as it is by 31 Elem. 3.) 
the Chord CH is a Tangent to the Curve at the Point C, but 

CH 



t 


KG = C1 


2 


KI = CG 


3 


KI = DF 


4 


CG = DF 


5 


The Arch CF = AF 


6 


The Arch CF = DG 


7 


AFrrDG 


8 


AFD = DGX 


9 


FD = GX 


ic 


CG = GX. Q:^E.D. 
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CH is pannd to GX; a Tai^cnt thodbre at die Poiiit Q is 
pualid to GX, the Choid of the Cirde DGX. Q^E. D. 

LEMMA VI. 

^Tfings renuommg as hefmrty if from a P§imt of tie Cjcltidg as 
L, the Urn LMK be drauM faraUel to the Bafe AB, the jfrch 
XL of the Cycloid, wU he imhU of YM. the Chard of the Grek 
corre^endaig thereto. 

Dem. Draw the line SQ^ parallel and contigaoos to LK 
doffing the Circle in R, and the Chord XM produced, in P, then 
will LSy MR and MP become Points, the firft having the Pro- 
perty of a Tangent to the Cydoid at LS, the fecond that of a 
Tangent to the Circle at MR, and the third, the Properties of 
a Proda£bon of the Chord XM. Join the Points X and R, and 
on MP let fall the Perpendicular RO : Produce alfo the Point 
RM, till it meets XNT, a Tangent to the Circle at X. Thea 
will the Lines XN and QS, being each perpendicular to the 
Diameter DX, be paralld ; and the Triangles MNX and MPR 
will be fimilar ; as having their Angles at M vertical^ and at P 
and X alternate. But the T angents N. and NM are equal (by 
36 Elem. 3.) the correfponding Lines therefore PR and RM in 
the other Triangle, are fo too : This laft Triangle is therefore 
an Ifofceles one ; and therefore RO being perpendicular to its 
Bafe MP, MP is equal to twice MO. The Tangent LS is 
parallel to MP, (as being by Lemma 5. parallel to Ma) and 
therefore equal to it, the Lines LK and SC^being parallel : It 
is therefore equal alfo to twice MO. But LS is the Difference 
between the cydoidal Archs XL and XS ; and MO is the Dif- 
ference between the Chords XM and XR, for fince XO and XR 
are dofe together, RO which is perpendicular to one of them» 
may. be confidered as perpendicular to both : The Difference 
therefore between any two Archs of the ycloid is twice thaC 
which is between two correfponding Chords of the Circle j and 
confequently any Arch, as XL, is double of the correfponding 
Chord XM, Q^^E. D. 

CoroII. Since when the Arch XL becomes XB, the corref* 

gmding Chord XM becomes XD the Diameter of the Cirde 
MX ; it is obvious, that the Semicycloid BX, or AX, is equal 
to twice DX the Diameter of the generating Circle DMX. 

LEMMA VII. 

^ a Sodf difcends in aCyclotd, the Ferci of Gravity (fe far 
m it aSs upon it in caufing it to defcend along the Cydoid) will 

F4 h 
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Proposition II. 

The Time in which a Pendulum vibrating 
in a Cycloid, performs; a Vibration, is to the 

be proportionable to the Dijtance of the Body from the Unuefi Point 
ef the Cycloid. 

, Dem, Let the Cycloid be AXB (Fjg. 5.) whofe Bafe is AB, 
and its Axis DX, on which laft as a Diameter, defcribe the ge- 
nerating Circle DQX : Draw the Chords OX and Q2C ; through 
the Points O and Q, and parallel to the Axis AB, draw the 
Lines LS and MR ; draw alfo the Tangents LV and MY. Then 
becaufe by Lemma 5. the Tangent LV is parallel to OX, and 
the Tangent MY parallel to QX, it's obvious that Gravity exerts 
the fame Power or Force upon a Body defcendlng in the Cycloid 
at L (becaufe it then defcends in the Tangent LV] as it would 
do upon the fame Body defcending along the Chord OX : And 
^for the like Reafon, it exerts the fame Force upon it when it ' 
comes to M, that it would do if it were defcending along QX : 
But (by Lemma 3.) the Power or Force of Gravity upon Bodies 
deicending along the Chords OX and QX, are as the Lengths 
of thole L^horuSi that is, by Lemma 6. ^halves being propor- 
tionable to their wholes) a§ the Length of the Cycloidal Archs 
LX and MX. The Force therefore of Gravity upon a Body 
dcxcnd ng in the Cycloid at the Point L [or any other] is to its 
Fojce upon the fame when at M £or any other Point] as the Space 
or Diftance it ha» to move over in the former Cafe, before it gets 
to the ioweil Point X, to that it has to run over in the latter^ 
before it arrives at the fame Points Q^E. D. 

DemofiJIration of the Frop^fition in the Text /« n^lmh this 

Note refers. 

By Lemma 7. The Fo>-ce of Gravity fo far as it caufes a Bodjr 
to defcend in a Cycloid is proportionable to the Diftance of that 
Body from the lowed Point , imagine then Aat Body to t^e a 
Pendulum vibrating in the Cycloid, then whatever Point it fcts 
out tiom, it will by Lemma 2. come to the lowed Point in the 
fame I ime : And confequently fmce the like is true as to its af- 
ccnding from that Point, all its Vibrations be they large or 
iaoLM, will be petfonned \A the fame Time* Q^E. D. 

Time 
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Time in v^ch a Body would fall fitciy thro^ 
half the Length of the Pendulum^ as die Cir* 
cumference of a Ciide is to its Diam^er {6). 

Prob« 

{c) To demoQibatc tlus» die ftDoirii^ LcmnM^ wiB be 
of Ufc. 

LEMMA VIII. 

J/'im a rigifi-wiglfJ Triaagliy MS BFG, (Fxg. 6J the Pfrf^wS^ 
tular n he UtfaBfitm th righ Jmgk H tUHtf^ibamJt BG, ^ 
Lime BI maltifUtd ly BG mU he eful f BFqZ 

J>eau By 8 Elem. 3. the Triangles BFI and BFG are fimilar, 
confeqaendj BI is to BF, as BF Is to BG, and tkerefoie BI X 
BG=3F^. Q^E.D. 

LEMMA DC 

If a Bedf irfcemis diamg a Cttrve Um^ eu AX (Ftg. y,) it ^tvJ/ 
acquire the fame Febdty that another, $r the fame Bejj^^ <wmid Jt^ 
hjfalBngJrom am equal perpemScmiar Height im the Lime DX. 

Dem. Parallel to the horizontal Line AD, draw the Lines 9M 
and FN contiguous to each other ; in confeqcence of which, 
the Lines MN and BG are capable of being con^iered as Points ; 
and therefore the Velocity the defcending Bodies pais over them 
with, as uniform ; and the curve Line BG, as a (baight Line 
alfo, and as a Tangent to the Curve AX at the Point BG. 
Things being thus, let it be fuppofed that the Bodies begin their 
Fall at B and M, or, which comes to the fame Thing, that they 
have equal Velocities at thofe Points : Then the Velocities of 
the, Bodies being uniform and equal to each other, (for there is 
no Acceleration in a Point) the Lines BG and MN may repre- 
fenc the Relation the Times they are paiTed over in bear to each 
other. Parallel to DX draw BF, and let the equal Lines BP 
and MN reprefent the Force of Gravity ading perpendicularly 
at thofe Points ; and let the Force BF be refolved into two others, 
^x. BI and IF, the one parallel, the other perpendicular to the 
Courfe of the Body at B : It is only the former of thefe, vik. 
BI, that accelerates the Body along the Curve BG j the other, 
viz. IF, neither accelerates it nor retards it, but is wholly ipent 
in preiling the Body clofe to die Surface BG, if it be a Surface ) 
or ITU ilretching the String which keeps the Body in the Courfe 
ABX, if it be a String. Now the Velocity a Body acquires by 
moving over any Space, is proportionable to the Force that adts 

upon 



lO 
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upon it, multiplied by the Time that Force a£b. ^nce then 
BI reprefents the Force in one Cafe, and MN the Force in the 
other; and BG the Time in one Cafe, and MN the Time in the 
other ; it follows that the Velocity generated in one Cafe, is aa 
BI X BGi and in the other, as MN X MN; or fince BF and 
MN are equal, as the Quantities BI X BG and BF X BF, (or 
BF^} which Quantities by Lemma 8. are equal to each other. 
The Velocity therefore the one Body acquires by defcending along 
BG, is equal to that which the other acquires by falling diroQgh 
MN : But the Lines BM and GN being parallel, it is obvious 
tberc is the fame Number of BG's in tne Curve AX, as of MN's 
in the perpendicular DX ; the Velocity therefore which a Body 
would acquire by falling through one, is equal to that which it 
would acquire in falling through the other. Q;^E. D. 

Demonftration of the Propofition, Let AXB (Fig. ^.) ho the .. 
Cycloid the Pendulum vibrates in. Then by Lemma 2. com- 
pstred with Lemma 7. we have 

The Time a Body would defcend 
from A to X in, is to the Time 
it would move over the fame Space 
in with its laft acquired Velocity^ 
as the Semicircumference of A 
Circle is to its Diameter. 

AX is equal to twice DX. 

The Velocity, a Body acquires by- 
falling from A to X, is equal to 

' the Velocity it would acquire by 
falling from D to X. 

The Time a Body would defcend 
from A to X in, is to the Time it 
would move over twice DX in, 
with the Velocity acquired by a 
Fall from D to X, as the Semi- 
circumference of a Circle is to its 
Diameter. 

The Time a Body would move over 
twice DX in, with the Velocity 
acquired by falling from D to 5^ 
is equal to the Time it would fall 
from D to X in. 

The Time a Body would defcend 
from A to X in, is to the Time it 
would fall from D to X in, as the 
Semicircumference of a Circle is 
to its Diameter. 

From 



By the Cordll. of Lem- 
ma 6. 
By Lemma 9. 



From the three 
compared 



laft 



By Fart I. Chap. 5 

i7. 



Comparing the 4th and 
5* 



3 



fo 
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II 



PROBLEM. 

To make a Pendulum vibrate in a 

given Cycloid. . 

^olta. Let AXB (Fi^. 5.) be the given 
Cycloid ; its Bafe AB, its Axis DX, and its 
'generating Circle DpX, as before: Produce 
XD to C, till I)C be equal to DX : Through 
C draw the Line EF parallel to AB, and take 
CE and CF, each equal to AD or DB; and 
on the Line CE as a Bafe, and with the gene- 
rating Circle AGE equal to DQX, defcribe the 
Semicycloid CTA, whofe' Vertex will there- 
fore touch the Bafe of the given Cycloid in A. 
And on the Line CF alfo as a Bafe, defcribe 



From the Figure 

From the Solation of 
the following Pro- 
blem it will appear, 
that 

Comparing the three 
laft Steps 



Doubling the Antece- 
dents of the laftStep 



8 



10 



The Time of Defcent from A to X 
is half a Vibration. 



DX is half the Length of a Pendu- 
lum» which in vibrating fliall de-* 
fcribe the Cycloid AXB. 

The Time of half a Vibration is to 
the Time in which a Body would 
fall freely through half the Length 
of the Pendulum, as the Semicir- 
cumference of a Circle is to its 
Diameter. 

The Time of an whole Vibration is 
to the Time in which a Body 
wpuld fall freely through half the 
Length of the Pendulum, as the 
Circumference of a Circle is to its 
Diameter. Q^^E. D. 

an 
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an equal Semicycloid CB. On the Point C, 
hang the PendulunGi CTP equal in Length to 
the Line^CX : And let the upper Part of the 
String of it, (as CT, in its prefent Situation in 
the Figure) as it vibrates this way and that, 
apply itfelf to the cycloidal Cheeks CA and CB : 
Then will the Ball of it P ofcillate in the given 
Cycloid AXB. (^E. F. {c). 

CHAP. 

(c) Draw TG and PH, each parallel to the Bafe AB ; and 
join the Points AG and DH. Then^ by the^orollary of 
Xiemma -6. 

By the Figure (DC bcmg equal 
* toDX) 



Comparing the ift and 2d Steps 
By Conftruftion 
Comparing the 3d and 4th 
f^rom the 5th Step compared with 

the Figure 
(The String touching the Cydoid 

at T) by Lemma 5. 
By Conftruftion 
From the two laft Steps compared, 

GATK is a Parallelogram, 

confequently 
By Lemma 6. 

Comparing the two laft Steps 
Comparing the 6th and i ith 
From the 12th Step compared 

with the Figure 
Comparing the laft Step with the 

Figure 



From the laft compared whli the 
Figure 

Comparing the laft ifvith the Fi- 
gure 



2 

3 
4 
5 



7 
8 



9 
10 

II 

12 



'5 



16 



AC = 2AE 



2AE = CX 
AC =: CX 
CTP = CX 
ACnrCTP 

AT=:TP 

GA is parallel to TK 
GT is parallel to AK 



GA=TK,andGTs=AK 
GA = i TA 
TKrrf TA 
l!K=:iTP 

TK = KP 

Tlie parallel Lines GT 
I and PH are equally dif- 
tant from AD 



Tthe Arch GA 
Arch DH 



the 



lihe Chords GA and DH 
- are parallel, and G£ = 
HX, 

From 
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CHAP. 11. 

0/ the Center of Ofcillation and 

Percuffion. 

rHE Center of Ofcillatim is that Point Id a 
Pendulutn, in which, if the Weight of the 
feveral Parts thereof were collefted, each Vi* 
bration would be performed in the fame Time, 
as when thofe Weights are feparate. 

The Point or Center of Sufpen/ton^. la the 
Point on which the Pendulum hangs. 

A general Rule for finding the Center of 

Ofcillation, 

If feveral Bodies be fixed to an inflexible 
Rod fufpended upon a Point, and each Body 



KP is parallel to DH. 



From the yth and 1 6th Steps com- 
pared with the Figure \ 7 
And therefore (KD being by Con- 

ftraaion par^lel alfo to PH] 

KDHP is a ParalUlogram^ con- 

feqaently 1 8 

By Lemma 4. ^ 19 

Comparing the 9th and 19th zo 
By the Defcription of the Semi- 

cydoid CTA 21 

From the two laft compared with 

the Figure 22 

Comparing the i8th and 2 2d 23 
Comparing the i6th and 23d 24 

But by Lemma 4. if PH be equal to HX, P is a Point in the 
Cycloid AXB; the Ball of the Pendulum CTP therefore bei% 
at that Point* is in the given Cycknd. The Problem therefore 
was n^dy folved. .Q;^£.D. 

be 



KD = PH 

GT = the Arch AG 

AK = the Arch AG 

AKD = AGE 

KD = GE 
PH = GE 
PH = HX. 
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be multiplied by the Square of its Diftance 
from the Point of Sufpenfion, and then each 
Body be multiplied by its Diftance from the 
fame Point ; and all the former Produds when 
added together, be divided by all the latter 
Produils added together, the Quotient which 
fhall arife from thence, will be the Diftance of 
the Center of Ofcillation of thofe Bodies from 
the faid Point 

Thus, if CF Fig. 8. be a Rod on which 
are fixed the Bodies A, B, D, &c. at the fe- 
veral Points A, B, D, &c. and if the Body A 
be multiplied by the Square of the Diftance 
CA, and B be muhiplied by the Square of the 
Diftance CB, and fo on for the reft : And then 
if the Body A be multiplied by the Diftance 
CA, and B be multiplied by the Diftance CB, 
and fo on for the reft ; and if the Sum of the 
Produfts arifing in the former Cafe, be divided 
by the Sum of thofe which arife in the latter, 
the Quotient will give CQ, the Diftance of the 
Center of Ofcillation of the Bodies A, B, D, 
&c. from the Point C (dj. 



(d) Dem. That the Proccfs may be lefs complicated, let us 
fuppofe but two Bodies, as A and F, fixed to the Rod CF; and 
let AI and FL be the Archs which the Bodies A and F defcribe 
when the Pendulum vibrates, and let the Pendulum be removed 
into the Situation CL. Contiguous to the Line CL draw CR ; 
then may the Ardis IP and lR be confidered as Tangents ac 
the Points I and L, and thofe Tangents as inclined Planes, down 
which the Bodies I and L are to roll : Thefe Tangents being 
each perpendicular to CL, are equally inclined to the Horizon, 
the Bodies therefore will endeavour to roll down with equal Ve- 
locities ; but this they cannot do, becaufe being fijced to the in- 
flexible 
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flexible Rod, they maft defcribe the unequal Archs IP and LR 
in the fame Time. That is, the Body L will oblige the Body I 
to defcribe a lefs Arch than it otherwife would have done; and 
the Body I will occafion the Body L to defcribe a larger Arch 
than .it would have done. And the EfFedb of the Forces by 
which they aB. thus upon each other, like thofe of A£tion and 
Readion, will be equal. It remains to determine thefe EiTe^b. 

In order to which, parallel to LI draw MN, and let the 
equal Spaces LM and IN be thde the Bodies would move over 
in the leaft Time pofUble, had they been independent of each 
other. And let the Archs LR and IP be thofe which the Bodies 
joined to the Rod defcribe in the fame Time. For the Reafoa 
juft mentioned, the former of thefe, viz, LR, will be larger^ 
and the latter, *viz. IP, will be lefs than LM or IN ; and the 
Arch which the Center of Ofcillation deicribes will be equal to 
LM or IN, becaufe the Center of Ofcillation defcribes that 
Arch which the Bodies would defcribe in the fame Time, if 
they were both together, and neither of them an hindrance or 
furtherance to the other. Confequently the Center of Ofcilla- 
tion is at Y, where the Lines MN and PR crofs. 

Now the Motion which the Body I lofes by being retarded, 
is its Motion over the Arch PN ; and the Motion the other Body 
gains by being accelerated, is its Motion over MR: The Force 
or Moment of the firft of thefe Motions, is the Produd of the 
Body I multiplied by the Space PN ; and the Force or Moment 
of the lafl is the Produd of the Body L multiplied by the Space 
MR. Thefe are the Forces, Moments or Adlions, which retard 
the one Body, and promote the Motion of the other. But ob- 
ferve, that thefe Forces or Moments, in as much as they ad at 
different Diftances from the Center C, about which the Bodies 
I and L, when the Pendulum fwings, ao revolve; have each 
their Mechanical Advantage; but the onb a greater than the 
other : For inflance, L has an Advantage which is as LC, its 
Diilance from the Fulchrum C ; and I only the Advantage IC. 
As then in determining the EfFedl of a Power applied to a Lever, 
we multiply it by its Diftance from the Fulchrum \ fo the above- 
mentioned Forces or Moments (m%, I multiplied by PN and L 
multiplied by MR) mufl be multiplied by their refpedive Dif* 
tances from C; and then we have I multiplied by PN multi- 
plied by IC, and L multiplied by MR multiplied by LC for the 
Effeds, which, as things are circumftantiaced, thofe Forces or 
Moments have upoa the todies I and L. But, as obferved above, 
Ihofe Efieds are equals confequently we have for the firft Step 

|i|IxPN 
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^e Center of Percujfiion is .that Point in a 
Pendulum^ or in an infle;xible Rod moving 



Bat the Triangles PNY 
and MRY lu-e fimilar, 
/ confequently 

Comparing the two laft 

Or taking the Pendulan\ 
in die Situation CPR, 
in which I coincides 
with P, and L with R, 
we have 

Or, which is die fame 
thing 



S 



IXPNxIC=:LxMRxLC 



FN : MR : : PY : RY 
IxPYxIC = LxRYxLC 



PxPYxPC = RxRYxRC 



A X AQjc AC = F X FQx PC. 
That isy in Words, if one of the Bodies were multiplied by 
its Diftance from the Center of pfdllation, and the Proda^ 
ariiing from thence were multiplied by the Diftance of the fame 
Body from the Center of Sufpenfion, this laft Produ6l would- be 
equal to the Produd of the other Body multiplied by its Diftance 
from the Center of Ofcillation, multiplied hy its Diftance from 
the Center of Sufpenfion. And^ ftnce the iame would be true 
if there were more Bodies, if each Body be multiplied by its 
Diftance from the Center of Ofcillation, and that Produd by the 
Diftance of the fame Body from the Center of Sufpenfion, all 
the Prodnfb relating to the Bodies on one Side the Center of 
Ofdllation taken together, will be equal to all thofe which re- 
late to the Bodies on the other Side thereof taken together. Let 
then the Diftances of any Number of Bodies, as A, B, D, F» 
from the Center of Suipenfion be called «, by </, fy refpeftively, 
and the Diftance of the Center of Ofcillation QJrom the Center 
of Sufpenfion C, be c^led x: And fuppofe the Diftances of the 
Bodies A, B, D, lefs than the Diftance CQ^ or x ; and that of 
the Body F greater, as' iii the Figure ; then will the Diftances 
of A, B and D from the Center of Ofcillation be expreflible by 
;r — a^ x — by and x-^di and the Diftance of F, by/* — x; mul- 
tiplying then each Body by its I)iftance from one Center, and 
the Produd ariiing therefrom by the Diftance of the fame Body 
from the other Center^ we fhall have Aax — Aaa *|^ ^bx — 
'Bbb + Jydx^ "Ddd^^ ^ff— ^fx> which reduced gives ;c=; 

Aa^+B^ + DJ+F/ - Which Iatt«Equatkmi» the Serfe 
.of the Role above laid down. 

round 
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roand a Point, with which, if the Pendulum 
or Rod ftrikes againft an Obftacle, no Jar or 
Shock at the Point of Sufpen&on fhall be oc- 
cafioned thereby^ 

Thus, letCF (Fig. '8.) be an inflexible Rod, 
having the Bodies A, B, D, Qfr, fixed in it 
at the Points A, B, D, &€. and let O be an 
. Obftacle againfl: which, as i^v vibrates or fwings 
round the Point of Sufpenfion C, it may 
ifarike againfl : then, if there be no Jar of 
Shock occafioned thereby at the Point C, the 
Point that firikes againil O, (as the Point Q 
Xuppofe) is called the Center of PercuiIion% 

Proposition* 

The Center of Percuflion is the fame with 
the Center of Ofcillation ; and confequently 
may be determined by the fame Ruie/^jJ. 

Prob. 



(i) T>tm. Prom tiie be&nition of th« Center of Percufiloa 
above laid dowa, it appears, that the Forces with which the 
Bodies A, B and D, which would pafs above O, move ; mu$ 
be a Counterbalance to the For^ of the Body F, which would 
pais below it : and that the Fdrce of F muft be a Counterbalance 
to them. But die Forces wherewith thofe Bodies move, are as 
their Mafles multiplied by their Diftances from C, t&eir Velo- 
cities being as thefe Oii^ances. Farther, when the Point Q 
conies to O, and is Hopt there, the Bodies A, B and D, en« 
deavouring to go on, fway or bear againil F, and F againft 
them; juft as if they were ioKxA to a Lever, as AF, having its 
Fulchrum at Q. Confequendy the Forces of the former Bodies, 
fo far as they a£t againft the latter, are as their Diftanoes from 
the Point Q^ and the Force of the latter, ib far as it aOs^igainft 
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PROBLEM. 

Let it be required to find the Center of , 
Ofcillation^ or PercufRon of an inflexible Rod 
AB (Fig. 9. as a Bar of Iron, or the fike) 
every where of equal Size, and vibrating in» 
or revolving round the Point A, as a Center of 
Sufpenfion (f)^ 

the fonner, is as its Diilancie alfo from Q^ ^^ abovementioned 
Forces muil therefore ht multiplied by the Diftanccs of the 
Bodies from Q^ but the former of them» as obfcrved abovct da* 
lances the latter \ and the latter them. So many therefore of the 
lail Produds as relate to the Bodies above Qjaken together, muft 
be equal to that which relates to the Body (or Bodies) below it. 
But the like Produtfb were equal to each other, when the Point 
Q^was looked upon as the Center of Ofcillation (as in the 5th 
$tep oi the foregoing Procefs) confequeatly the Center of Per- 
ciiflipn is- the fame with that of Ofcillation. (^E. D. 

(f) SoUt, Imagine the Rod to be divided into the leaft po(l 
fible Parts B, C, D, &r. each of which call Our. TheTe Parts 
we may coniider as fo many Bodies contiguous to one another ; 
fo that the Center of Ofcillation or Percuffion of thefe Bodies 
will be the Center of Ofcillation or Percuffion of the whole Rod. 
To find this, we are by the Rule above laid down in the,Text» 
jto multiply each of thefe Bodies by the Square of its Diftance 
from A. The iirll of thefe Piodu^s then will be B (or One) 
multiplied by AB fquared ; but one multiplied by AB fqnared, 
IS the fame with AB fquared ; now AB fquared is a fqnare Area ' 
or Surface, one of wnofe Sides is AB. In fike manner the 
Body C, when multiplied by the Square of its Diftance from A» 
is a "square Area, one of whofe Sides is AC, fomewhat lefs dian 
tiie former. Imagine this Area laid upon the former ; and the 
next, which will be lefs fbll} Said upon that; and fo on till yoa 
come to the leaft of all. Thefe will make a Pyramid, whofe 
"^afo is the firft Area, and its perpendicular Height will be 
equal ,to the Thicknefs of them all together; which Thicknds 
vnll be as the Length of the Line BA. The Value or foIM 
r " Content 
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Content of this Pyramid will be ABq {inx. its Bafe) maltiplied 

by a third Part of AB (its perpendicular Height). In the next 

Place we are to multiply each of thofe Bodies by its Diilance 

from A: Now the Body B (or One) multiplied by AB, give a 

Line, as AB ; fo the ProdoA of C, multiplied by its Dii^ce 

AC, give a Line, as AC ; thefe Lines heaped one upon another 

(as the Areas were before) will make a Triangle, whofe Bafe 

will be AB, and its perpendicular Height alfo AB; the Value, 

or Area of which, wul be AB multiplied by ^ AB. In the laft 

Place, by the Rule, we are to divide the Sum of the Prodods in 

the firft Cafe, by the Sum of the Prodndb in the latter; that is, 

the Content of the Pyramid by the Area of the Trianrie; that 

•*• AB 
is, AB^ X f AB, by AB X J AB, which gives i— ; that is, 

I AB, or two Thirds of AB: fothattheDifianceof the Center 
of Ofdllation or Percuffion, (as E fuppofe) from A the Center 
of Sufpenfion, muft be equal to two Thirds of AB, the wholo 
Length of the Rod* (^ E. I. 
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C H A P. I. 

Pf the Pbanomena which arifi from 
the mutual ASiion of the P articles of 
Fluids upon one another^ 

N the former Part of this Effay, I have 

laid down and explained the general 

Laws of Naiure^ and deduced from 

thence thofc Pha?nomena which are in 

a ftrid and proper Scnfe^ denominated Mtz 

^ •^ Jn a lager Setifc all the Eftfts and Opepadons of natural 
(odies upon one another may be called Mechanics^} as be- 
ng all .fubjedi: to the general Laws of Motion. In Hydroftatica 
fluids are governed by the Laws of Mechanlfm, as much ai 

ibc^echanical Powers are ; the fame holds of the Rays of 




\ 



i^ The ASiion of Fluids Part 11, 

chamcali I proceed novir to an Explanation of 
fach, as Philofophers have comprehended on* 
dcr the Name of Hfdroftatiesi the Jbitefition 
of which is to explain the Nature of Fluids,, 
and the Manner in which they aft upon one 
. another and upon Solids. 

H. The Nature of a J/«iaf*, asdiftingiiifli- 
ccf iiom daat of a Solid or hard '^Body. confifis 
in this, viz,, that its Particles are fo loof^ly 
conneded togcthcrt that they readily move 
put of their Places, when prefled with the 
leaft Force qqc ,way more . than another f. 

Ught, as will be feen when we come to Opdcs; and in tbr 
larger Bodies of the Planetary Syftem, Mechanifm equally pre- 
vails, as has been demonftrated by Sir IfiifX Nekton ; which w« 
Ihall endeavour to make but (when we treat of Afbonomy] (q 
fu as the Nature of our Deiign will permit. 

• Somd Philofophers ' make the following Diftln6Hon 6k 

fluids ; thofe which flow or fpread themfelves till thdr Sur* 

€icc becomes level or horizontal, they call Liquid i in con-^ 

tradiftindion to Fljmc, Smoak, Vapoor '^e. which arc alfa 

Fluids, but do not acquire fuch a Surface. Thofe which are 

capable of exciting in us the Ids? of Moiftnefs, as Water, ^c, 

•they call Hu^id^, diilinguilhing them thereby fipom Air, Quict- 

• filver and incited Metals. But thofe DiftindUons are quite un- 

"neceffary in a Philofophical Senfe: all Fluids being equally^ 

. JLiquid, when not prevented fix>m putting on that Appeai^ce 

by the Bodies about them ; and as to Humidity, that i&-only i 

relati've Quality''; for though Quicklilver will not moiftei), or 

ilick to -a Man's Finders, it will to Silver or Gold. - . 

f The common i^efinition, Fluidum tfi cujus pMrtn imf^^f- 

.Jktd cuicunque cedunty isf adendo ftuillim nuyventur inter J'^y 

. though 'it exprefTes very well the Nature of a f<?»r/r^^/^ F,? > 

as Air, yet does not anfwer to th^t of Water, whofe Parts li' « 

J)ecn found to yield to no Force with which they have been c*f - 

^ TP!^^» ^^^^ ^ ^^ grater m one Jide tliaa q^ t>>* »^^ ^- 

-3^ 
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From whence Fbiiofophers conclude, that 
tbcy arc exceedingly miiiu'c, rni'^oth, z\\\ 
round'*'; it being Oiherwiic in.rolllLnc they 



TTic Definiti'^n therefore (ccms impcrfefl as not crrrc^-.g the 
Imt^maHtj of Prcffure which is rcquiiiic to mo\'C the parts cf !?::..« 
Fluids one among another. 

• It is commocly obfaved, that the Rom^ne^s of the P.nw 
tides conduces veiy much to Fluidity upcr r'ljs \ccou;n, -rrs:. 
becanle round Bodies touching one another in iu: :"cw Points, 
the Force with which they mutually attract each oiher 15 the 
'breaker. Bat upon diis &ippofitioa the Particles ct a Fluid 
OQg^ to move with Icfs Freedom one among anctner, 07 
.how much the greater the Weight is with which they aie 
compiefled, (for it is the fame thing in this refpet^, whether 
diey preis againft each other by virme of their own Attra£kto% 
or by fome external Force) but that they do fo, we have no £x* 
perience. A Diver, upon plunging out of his Bell at the boe- 
tom of the Sea, never finds the Water leis fluid, notwithftanding 
the great prefliiie firom above. Mr. Boyle having caufed a Tad* 
pole to be put into a Vefiel of Water, and to be prefFed with « 
stxj great Force, tells ns that in appearance it found no Incon- 
venience fiom thence, bat fwam about wid^ the fame Freedom 
and Briflmeis as ever. 

Qgaere, whether the Particles of which Fluids confill are in 
Contact with each other, or not ? Perhaps they are prevented 
from approaching, nearer than to a certain Dillance, by a re- 
pelling Power diflufed around each fingle Particle. The Obfer- 
vation^ that Water is not render*d lefs fluid by Prefiure, fecms 
to Evour this Opinion \ and the Property which the Air has of 
expanding or contradting it felf, according to the Weight which 
jt fuflains (as ihall be mewn Chap. 3.) proves beyond contra- 
didtion, that its Particles are endued with fuch a Power. But 
^ the Particles of all Fluids have this Power, it will follow that 
they ought to be in fome meafure capable of being reduced 
^to leis Space by Prefliire, as Air is, which they have not 
as yet appeared to be. Further flnce it has been proved (Part 
I. Chap. 3.) that if the parts of Fluids are placed juft be- 
yond their natural Diftances from each other, they will ap* 
proach and nm togedief> and if placed farther afunder fUil> virhl 

rc|)cl 
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ihould move with fuch Freedom one among 
another upon the ieaft Inequality of PreflUre. 

lepel each other ; it follows upon th« fbregohig Sappofidon^ 
that each Particle of a Fluid is furrounded with three Spheres 
of Attra6lion and RepulfiOn one within another : the innermoft 
of which is a Sphere of Rspulfion, which Jtceps them from ap- 
proaching into Contact, the next a Sphere of Attraftion dif- 
fufed around this of Repulfion, and beginning where this ends, 
by which the Particles of Fluids arc difpofed to run together 
into Drops; the outermoll of all a Sphere of Repulfion, where- 
by they repel each other^ whea removed out of that of At- 
tiadiiion. 

If this were allowed, and we might go on, and fuppofe the 
Particles of all Bodies to attrad and repel each other altemaiify 
at different Diibinces, perhaps we might be able to folve a great 
many Phaenomena relating to fmall Bodies, which are now be- 
yond the reach of our Philofophy. However upon the Suppo- 
fition of the three Spheres of AttndHon and Repuliion juft 
mentioned, nothing is more eafy than to fee how Solids may 
be converted into Fluids, and Fluids into Solids (as is done m 
LiquefadHon and Freezing) ; for allowing that the firft or ia- 
nermoft Sphere of Repulfion, is capable, like that of the Particles 
of Air, of being augmented by Heat, and diminifhed or totally 
{fufpended by Cold, it follows that Bodies mufl be more or lels 
ftiiid in proportion to the degree in which they are affed^d by 
Heat or Cold ; for when the AdUon of the firfl Sphere of Re- 

fullioh is diminifhed or deftroyed by Cold, the Particles of the 
luid mufl ncccflarily be brought into clofer Conta6t with each 
other by the Forcfc of the circumambient Attradion, and by that 
means conflitute an harder Body than before. But we muft not 
^wcU too much upon an Hypothefis which wants Proof ; I fhall 
only add, that although fome Fluids, as Water, have not been 
4U yet contra6b*d in their Dimenfions, or made to "take up lefs 
Space than they naturally do, by any Force with which they 
have been eomprefTed by Art ; yet there are none but are na- 
turally contrafted by Cold, from whence it feems reafonable to 
infer, tliat their Particles are at leaft cafabU of being brought 
into clofer Contad, which Is fome Confirmation of this Dbdbrine* 

It is an obvious Objedtion to this, that Water by freezing is 

. augmented in its Bulk ; but this may be owing to tnofe Bubbles 

or Vacuities obferyable in the Water after it U frosen^ which 

were 
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III. Thosb Particles conitdercd fcparately 
die endued with all the common Properties 
tsi Mattetf and fubjeft to the fame Laws of 
Motion and Gravitation with larger Bodies. 
To enquire therefore into the Nature of Fluids^ 
is td confider what Appearances a Colledioa 
of very fmall round Bodies, fubjed to thofe 
Laws, will exhibit under different Circum- 
Aances. In order to which, it is ufual with 
hydroftatical Writers to confider a Fluid> as 
divided into feveral perpendicular Columns 
contiguous to each other. Sometimes it is 
convenient to ccmceive it divided into thia 
Plates or Strata lying upon one another. In 
fome Cafes, the fame Fluid is confidqred as 
4iftinguiihed both thefe Ways, viz,, into per- 
pendicular Columnst and alfo into thin Strata 
4or Plates. Figure i. reprefents a Vcflcl filled 
with a Fluid to the Height £ F> and divided 
into the Columns GH*IK,LM &€. and alfo 
into the Strata RS, T V, X Y &c. 

IV. From this Obfervation concerning the 
Properties of the Particles confidercd fcparate* 
1y, immediately refults the following Propo- 
litien, viz. that in a Vcffcl whofe Form is 
fuch as is reprefcntcd by A B C D, (Fig. i .) the 
Quantity of Preffure which each Stratum fu- 

%reie not in it before ; and not to any general and uniform re« 
^oval of the Particles of the Fluid from each other, which the. 
Objedion, if it i$ ^f any Force againft what has been advanced, 
wiDk fuppofc. 

fialns 
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ftains from the Weight of the litcuntbcnl: 
Fluid, is in Proportion tbthcNnmbcr of thofc 
Strata which reft upon it, that is, as the Height 
of the Surface of the Fluid ; for if we flip* 
fofe the Strata of equal Thickxiels, the Quan-^ 
tity fuftaincd is proportionable to the Numbet 
of Strata of which it confifts. 

V. When the Surface of a Fluid is ho- 
rizontal or level, each Particle thereof is di(* 
pofed to continue in its Place, being fufiain* 
cd therein by the contiguous ones. 

Let the Fluid be fuppofed to be divided 
into Strata, each of the Thickncfs of a Parti- 
ticle of the Fluid, and if the Truth of this 
Propofltion is denied, let the Particle mt$ be 
one of thofe which is not fuftained in its 
Place by the contiguous ones, but is moving 
from thence towards fome other Part of the 
Veflfel, V. g. towards D, Now ilnce all :th« 
other Particles of that Stratum are at an equal 
Depth below the Surface of the Fluid widli 
this, they alfofuftain an equal Degree of Preft 
•fure (by the laft Propofition,) confequently ;for 
.the fameRcafon that one of theiu is moving 
towards D, the reft may all be (aid to be 
moving in the fame Diredion: but this. can* 
not be true of the whole Stratum, while the 
Veijel is entire, and therefore of none of it^ 
Parts. Now the like Reafoning will hold'a- 
gainft the Motion of the Particle. ?^;? towards 
any other Part of the VefTel^ from whence it 

.. follow.s, 
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f flowSf that each Particle of the Fluid, is 

lained in its Place by the contiguous ones* 

d therefore difpofed to continue at Reft *. 

VI. From hence is derived a fundamental 

/opoittion in Hydroftatics, i//«. That when 

.c Surface of a Fluid is level, whatever PrcC- 

re any fingle Particle or fmall Portion of it 

:ftains from the contiguous ones on one 

irr» it fuftains the fame on all the reft, that 

it: is preflcd by them with an equal Degree 

^orce on all Sides f. / 

R by the Definition of a Fluid (§. 2.) 
Particle is difpofed to give Way, and 
out of its Place, when the Preflure is 
t ^qual on all Sides; and (§. 5.) each Par- 
le is preflcd by the contiguous ones in fuch 
^^^aiiner that it is fuftained in its Place there- 
> it is therefore preflcd with an equal De- 
•e of Force on all Sides. 
^^9^cl. From hence it follows that each 

T'his fhews us the Abfurdity of ibmc Philofophers, who 
^ the fole t)ifFerencc between Solids and Fluids in this, 
^^at the Particles of thefd are eVer in Motion, while thofe 
* other are always at Reft. 

•^his Propofition with its Corollary is not ftri6bl7 fpe.iking 

^J^lcfs the Particle or Portion of Fluid we fpeak of is fup- 

^oid of Gravity, for' it prefles downwards with a Force 

^^ the Weight of thofe Particles which reft upon it added 

^Wn, whereas the Force with which it prcfTes upwards is 

^^Ual to the Weight it fuftains, vix. that of the incumbent 

• But the Particles of Fluids are fo exceedingly winute, 

^he Gravity of each fo very fmalJ, that the Error arifing 

thence can sever be fcnfible. ' 

B Particle 
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Particle or fmall Portion of a Fluid prefles 
with the fame Degree of Force in all Dircc-* 
tions on thofe which are contiguous to it. 
For by the third Law of Nature, every Par- 
ticle prefles upon the contiguous ones with 
the fame Ehrgree of Force, with which it is 
prcflcd upon by them. 

VII. The Surface of a Fluid becomes le- 
vel by its own Gravity, when no external 
Force prevents it from being fo. 

For the Particles of Fluids prefs in allDi- 
tedions with Forces proportionable to the 
Height of their Surfaces (Cor. §. 6^ and % 4.) 
if then the Surface is not level, the different 
Farts of the Tame inferior Stratum will be 
preflTed not only downwards, but fideways 
againft each other with unequal Forces 5 the 
greater Prcffure therefore overcoming the weak- 
er, the Particles which fuftain the Icaft Pref- 
liire will be driven out of their Places and 
raifed up, till the Surface becomes level; the 
Surface being level, each Particle will be e- 
qually prcflcd in every Diredion, (§. 8-) all 
therefore will remain atRefl:, and the Surface 
continue in that State*. 

* This Dcmonflration, as alfo the foregoing, rs foundcdf 
tipon a Suppofition, , that Bodies tend downwards by their Gra- 
vity in Lines parallel to each other, which though phyftcally 
true, IS Aot ftridly fo, their Tendency being towards the Cen- 
ter of the Earth, and confequently in Lines which meet in a 
Point : and therefore if we would be accurate, the Fluid contained 
IH a Vcflel ihpuld b«^ confidcrcd, as divided into Columns and 

VIIL 
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VIII. Fluids gravitate in Fluids of the 
fame Kind. 

This Propofition is a ncccflary Confc- 
quence of what has been obfervcd about the 
Nature of the Particles of which they confift^ 
viz,, that they arc folid, and endued wit^ 
the fame Properties with other Bodies, The 
Reafon why their Gravity is not fcnfiblc 
in the Fluid, is becaufc the lower Parts fu- 
ftain the upper, and hinder them from de- 
fcending. But it docs not follow from thence, 
that their Gravity is entirely taken away, a$ 

Strata, as rcprefented Figure the fecond, where A3D is the 
Earth, C its Center, EFGH 2. Fluid contained in a Veilel^ 
and divided into Columns, which if continued down to the 
Center of the Earth, would there terminate in a Point C ; and 
into the concentric Strata aby cdy &c. having the Center of the 
Earth for the Center of their Convexity. And then confider- 
ing the Strata to be of this Form, and arguing from thence, 
in the fame manner as before, we fliall find that the Particles 
of the Fluid Will not be in ^quilibrio with each other, till 
all the Parts of its Surface are at equal Diftances from the Cen* 
ter of the Earth, forming thereby the Surface EF^ concentric ti> 
that of the Earth. Confequently the Surfaces of Fluids are not 
level or plain, but convex, having the Center of the Earth for 
the Center of their Convexity. 

This Convexity by reafon of the great diftance of the Earth's 
Center approaches fo near to a Plane, that in fmall Portions 
of it the Difference is not fenfible, and therefore may be neg- 
lefted J but at Sea 'tis evident to Senfe : for when the Mariners put 
to Sea, the Shore firfl difappears, then the lower Buildings, afterr 
wards the Towers, Mountains (^c. ; in like Manner, when they 
Approach a diftant Ship, the top of the Mail and Sails appear 
firll, while the Ship it felf is intercepted from their View, by 
the Convexity of the Water between thcm^ but when they afc^4 
the Maft of their owij^Ship, it may eafily b9 fcen. 
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fomc * Philofophcrs have imagined 5 for by 
fo much as the lower Pa|:ts prefs upon thole 
which are above them, juft fo much additio- 
nal Weight do they receive from the Readion 
of the other upon them : Thus their Weight 
is communicated to the VefTel, which upon 
this Account weighs according to the Quantity 
of the Fluid it contains. 

IX, The Prcffurc of a Fluid is in Propor- 
tion to its perpendicular Height) and theQuan^ 
tity of Surface againft which it preflcs. 

This Propofition admits of four Cafes. 

I. When the Fluid is contained inaVef- 
fel of the fame Dimenfions from top to bot* 
tom^ and^eld in an ered Podtioni as that 
reprefcntcd Fig. i. it is evident the Preffijrc 
of the Fluid upon the bottom will be in Pro- 
portion to its Magnitude, and the perpendi- 
cular Height of the Surface of the Fluid above 
it. For conceiving it divided into Columns, 
the Preflurc upon the Bottom by the fourth 
Propofition, will be as the Length or Height 
of the Columns : and it will alfo be as the 
Number of them, becaufe the Quantity of 
riuid which preffcs upon the Bottom is in that 
Proportion, that is, as the Magnitude of the 
Bottom prefled upon. But when the VeflTel 
is inclined or irregular, the Truth of this Pro* 

^ This was the Notion of the Cartejtans, who held, th^t 
ivhen a Fluid is mixed '^f'ith another of the fame Kind, it lofes 
to mxL Weight tlicrcbjr, 

pofition 
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poHtion is fo far from being evident, tliat it 
has been commonly looked upon as a Paradox. 

2. Let the Veffel ABCD (Tig. 3.) be 
filled with a Fluid to the Height £F, and 
held in an inclined Poll t ion, as there repre* 
fented 5 I fay the Prcffure of this Fluid is pro- 
portionable to the Magnitude of theBafe CD, 
and FG or HD the perpendicular Height of 
the Surface of the Fluid above it. 

For fuppofing the Fluid divided into the 
Strata EI, KM, LO, drc fo far as the firft 
Stratum EI is prevented from preffing upon 
KI the Surface of the next inferior Stratum, 
by being in fome Meafure fupported by the 
Side of the Veflcl F I, fo far is its Preflurc 
augmented by the Readion of the oppofitc 
Side EK upon iu which is exadly equal to 
the Adion of the former, becaufe the Fluid 
preffing every Way alike, at the fame Depths 
below the Surface, exerts an equal For<x 
againft both thefe Sides. The Surface there* 
fore of the fecond Stratum is preflTed with the 
fame Degree of Force with which it would be, 
if the Quantity of Fluid contained in the for- 
mer Stratum was included within the Space 
|i K QJ, which is exadly equal to it, as having 
the fame BafeKIand the fame perpendicular 
Height C^I *. Now this being true of each Stra* 
tum, their Preffure upon C D the Bafe of the Vcf- 
iel is the fame as if they were all placed pet* 

* 31. £/. II. 

pen- 
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pcndicularly over it, and filled the Space 
R.HCD5 which they would do, ilnce the fum 
of their perpendicular Heights QJ, KS, LT an4 
NV is equal to HD the perpendicular Height 
of this Space, and each of their Bafcs K I, L M, 
^c. is equal to C D its Bafe *. But by the fore- 
going Cafe, if the Space RHCD was filled 
with a Fluid, the Prcffurc of it would be pro^ 
portionablc to the Dimenfions of the Bale C D, 
and the perpendicular Height DH, therefore it 
is the fame in the inclined Tube ABCDf. 

3. Let the VcflTcl ABC be irregular, as 
reprefented figure the 4/^, and filled with a 
Fluid to the Height P, I fay the. Prcffurc of 
the Fluid upon the Bafe C, is proportionable 

^ 31. El. M. 

f Perhaps it may be thought more Geometrical to demon- 
ftrate this Propofition with the Generality of Authors from the 
Property of the inclined Plane. They confider BD the lower 
Side o\ the Tube, as an inclined Phne, on which the Fluid 
contained within it refts, and argue that it lofcs thereby a Part 
of its Weight in Proportion to the Length of the Plane, and 
therefore pccafions no greater PrefTure upon the Bafe, than if 
the Veflel was held eredi, and filled only to the fame per- 
pendicular Height, as when inclined. But this Demon (Ira tion 
proves too much, for by this Way of Reafoning, one might 
fiiew, that the PrefTure of the Fluid EFCD upon the Bafe 
CD is lefs than the PrefTure of RHCD a Col;imn of the 
fame Fluid having ' an equal Bafe and perpendicular Height 
xvith it. For both the inclined and the perpendicular Co- 
lumn contain the fame Qaantity of Fluid, upon account of 
the equality of their Bafes, and perpendicular Heights, but 
that reils upon an inclined Plane, which this does not, and 
therefore preflcs lefs upon the Bafe. But this is contrary both 
to Demoftration and Experience, this' Argument therefore proves 
too much. 

to 



r 



Chap. !• among themf elves. 15 

to the Magnitude of the Safe, and CD the 
perpendicular Height of the Surface of the 
Pluid above it. 

I N Order that the Pr6of of this Propolitiofi 
may be the better underflood, we muft pre- 
xnife the following Leinma. viz. 

That when a Fluid paflcs through a Pipe, 
as A B, (Fig. 5 .) which in fome Parts is largct 
than in others^ the Moment or force with 
which it moves is every wh^re the fame, ^ot 
while the Fluid is paffing through the Tube, 
its Velocity in every Part will be reciprocally 
as the Quantity of Matter; for Inftance it will 
be as much s^reater at C than it is at D, as the 
Quantity paffing through C at any Inftant of 
Time is lefs than at D, and fo of the reft } 
becaufe a lefs Quantity would be conveyed 
through the fmalkr Parts of the Tube in the 
fame Time, unlcfs it fhould move fafter there 
in Proportion to the Smalnefs of them. Now 
the Momentum of Bodies is partly owing to 
the Quantity of Matter, and partly to the Ve- 
locity 5 ( as explained Part L Chap. 9. §. i . ) 
confcquently what the Fluid, which is aftual- 
ly paffing through the narrower Parts of the 
Tube, wants in Quantity, is compenfatcd by 
its Velocity in thofe Parts, and what it want^ 
in Point of Velocity in the other Parts is 
made up by the Quantity paffing through 
them ; fo that the Moment is the fame in 
every Piirt <?f the Tube, whether larger or 

nar- 
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narrower* The fame is true, whatever be the 
Pofition the Tube is held in. 

Let us now conceive the Fluid in the 
Veffcl ABC (Fig. 4 J to be diftinguiflied in- 
to the Strata EF, GH,IK &c. Let us alfo 
imagine the Bottom of the Veflel C to be 
moveable, that is, capable of Aiding up and 
down the • narrow Part of the Veflel, v. g^ 
ifrom C to GH, (without letting any of the 
Fluid run out,) Let it further be fuppofed 
that this moveable Bottom is drawn up or let 
down with a given Velocity, while the Vcf- 
fel it felC is fixed and immoveable ; it is evi- 
dent the 'lowermoft Stratum which is conti- 
guous to the Bottom will be raifed or let 
down with the fame Velocity, and will there- 
by have a Moment proportionable to that 
^Velocity and the Quantity of Matter it con- 
stains : But 'by the Lemma, all the reft of the 
Strata will have the fame Moment, con- 
fequently the Moment of all taken together* 
(that is, of the whole Fluid,) is the fame* 
as if the VcflTel had bpen no larger in any 
one Part, than it is at the Bottom, (for 
then the Moment of each Stratum would 
alfo have been as great as that of the lower- 

* Thus we may obferve in a River or Canal, that by how 
much the Breadth or Depth is lefs in any Part, fo much the 
more rapid is the Stream in that Part ; and on the contrary 
where it is wider and deeper, the Motion of the Water is 
more gentle and languid. So that the KlomenC with which. 
it flows is the fame in every Part. 

mod j) 
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moftO the PreflTure therefore, or A£lioxi of 
the Fluid Vi^ith which it endeavours to forcd the, 
Botfonl out of^ Its. Place, is as the Number of 
Strata, that is;'fh^pcrj)endictllar Height of the 
Pluid, and the. Magnitude 6f the lowcrmoft. 
Stratum, that IS, the Bottom. 

4. Again, Tupp:ore the Vefl?l . A B C f f ^^ , 
<5'; filled With' a Fluid to D5 Ifay the Prcf-'. 
lurc upon the Bottom B C, is proportionable, 
t'o the Dimettfions of the Bottom, and DE 
the perpendicular Height of the Fluid. 

For if we fappdfe the Bottom moveable, 
as before,, and raifed up or let down with a 
given Vclocit jTr - *he' Mdment of every Stra- 
tuiri Vill be the^ fihie with the lowermoft 
bj? the Lemtttai therefore the Moment of all 
taken together,- is the fame as if the Veflcl 
hiad beeh no lefslii- any one Part than it is at 
the Bottom J <^nfcquently the Preflbre is pro^ 
portionable to the perpendicular Height, and 
the Magnitude <i)f the Bottothv This Cafe is 
the Converfe of the former*. 






• Uj)6fi this Pro'pdritfdti is founded the PraiSticd of coiivef- 
Ittg Watef through Pipes from Place to Place, ^c. For from 
Kencc it follows, that If Otie end of a Pipe is laid in a Refervoir 
<Jf Water, thfc Fluid Av^l^ run 'Into the Pipe till it rifes to a Level' 
at the other End with' ils Siirface in the Refe'rvoir. Thus lee 
ABC I Fig: %.) repf^fenft ft Refervoit or Bafon of Water, DGE 
a' Pi^ laid ftom thence to JJ. * If E the ettd of the Pipe \% 
3!)laced aboTe the Uk^ Ah? the>Iicvei of the Water in the 
Refervoir, the Water will run into the Pipe till it rifes ift 
the other EAd'to F thlfc-LcVdl With A^i iK Whith time the 
Wtttttr In-'the l^ipe Will k in ^uilibrio with that in the Rc-» 
fervolr, and remain at Refl. • But if tiiie End of ^ho. Pipe ia 

C bcloif 
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Prom hciicc it follows, that if a VciftUs^ 
made of fuchForm, as is repi;?f^i^ted^//^-.7 j^ 
by . A B C D 5 F G, and ' filled Vit> a ^luid xq, 
t^c Height C, the Weight* which the Bowoiii^ 
faftains, is as great 4s it .woul4 bc^ haci thje;> 
Form of the VcfTeibeenJKFG/VivchiscvQr^^^^ 
whereof the fs^me Difixenfiprvs,^ that the oth^i^, 
is of at the Bott&ni^ and.' filW 'to the .Topj 

IK. Becaufe the . PreffurV V.^ ^^^ Propofiuoja, 
Js proportionable. to the Bo|ttoai and p.erpen-^ 
dicular Height' which i9^t>pthX*?/(SS iV?:iiHe 

lame. • • ' , . . \-0\ '»r^ 

; T H B I^§aCop w^y , t^jft Wei. -4 B C P il^^^ 
\ykh tl)€ Jiluid;]CQBra)neji:.»qitajrtoe^;nm'F<Hgbi 

:D^e(5ire uftqn-tbc Bot^otft Jfi the fame i^rbjofeferf 
is'becauijc A,BDSt^e;;upp§r,:Pjirf or. Cpv^tt 






tinue to run out, till t^ev are reduGcd.tp a- LcveL F,or lej 
Gti be the loweft Par« of th6^Pil.e;4heA' fincfc F' the peri^eft^- 
dicular Height of the Fluid on one Side, is equal to B the 
p^pendicukr . H^ig^t, Ojf ; th^ ; , J^Ju^ rf^ f*e mhcr,. fi»dljG;^ 
\yhich (being th? I^t^c^^w^M^tq *«ti B^Vi^isrprefe: pue,^ 
another,). may: bj2, (fopfidetqd. aa a. Bai^.> to bot^, i« f!O^W¥hl 
it foUows from I thi^ Propofition Mtr.^Q Prieff^rcs orf ^agh, ,Jyic^ 
are exaaiy .equji!*.^n4 .therefore ^bein® in/cony-atyrPJf^^ii^?^ 
^Vill ne<;e{Iafily>deiiroy' eack Qther>;^d tfeeJPluid wiM re.imiK 
in- iEquijibrioo ;B**t.*^hiit idie JEnd: JE„ i$ . ib?l<?w thj J^^lit 
tius i3Bquiyibrium:«aftoo!t be: obtaitie* ^.a^d ;her<^orq >;fee J^.i^ii^ 
villcQntinu^tpFjift'but, : . ' ^li . • _ i .-•:-. .-'^ 

• For the faff?* Jle^foti, when tsy^^ioTi ^JiiQrc 7r»b^s-:C(?mn|*i 
hicate with «kch .othjer,, the Surfaq^i (i^ftfepFluK* thfJ^.P^itfaW 
tfciiU ftjtaAjU tbc ianie Lsvd iftaJL : . : . • 

of 
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of the former VcflTel, is prcflfed upwards by the 
Fluid bclc^w it' with a Force equal xo thfe' 
Eadcavour the Fluid in the ftilall Tube B CD 
bas^o dtfcend. Which Endeavour is th6 
lame that it would be, if the Tube BCEJ 
cottoprehended alfo the two Spaces ICBA 
and CKED, its Moment being the fame iA 
both Cafes by the Demonft'ration ; the Covet 
thetefofe is preffed upwatds with a Force e^ 
j^uftl to the W<!ight of is much Fllud 4s Wotild 
fill the two Spaces T'C B A arid C K ti P 5 confe- 
quently the Veflel. >)i^hofe Form is A B C D E F G, 
is fo much lighter than the other, that is, ak 
much is the Fluid it contains is Icfs. 

FrtojA hence atifes this Patadox, that th^ 
If aft Quantity of Fluid may he made t6 raiij: 
any Weight how great foever it be. 

Fou by the Propofition the Cover ABDi 
is preffed upwarcis with a Force eqlial to the 
Weiglit of as much Fluid as would fill the t^o 
Sj>afces ICBA and C^KEDj n6vi/ thofe Spaced 
hiay be enlirgfcd at Pteafure in Height, by lerigth- 
ing the Tube B C p (which at tlie fattie time 
mtift' be made pro^JOftionabiy fmaller, other- 
wife the f4n?ic Quantity of JFluld will not fill 
it) 5 it follows therefore that the fame Quan^ 
lity :of Fliird may be made tb prefs the Co- 
ver upward^ ^ with -^ given Fo'rce; if that Cor 
Ver then is made inbveable, any Weight that 
ii laid uport it fai^f be fuppphibd tliereby, 

c ^ 3C. 
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X. T HE' V^^cuy^svith which a Fluid fpouts 
out at an Hole in the Bottottiof aVcflilj is 
frqual to that which a Body would acquire 
by falling freely from thcLcvd" of the Surface 
pf the Fluid to the Hole. 

Let there be a Jarge cylindrical Tube 
A BCD {Fig. 9.) in the upper Part of which 
Jet us imagine a Cylinder of Ice FGHI ex-i '^ 
aftly fitting it? let it further be fuppofed that 
HI the lower Surface of the Ice is continually 
melting, fo as to afford a Stream of Water 
running down the Middle of the Tube. Now 
^he Form of this Stream of Water will ne* 
celTarily be fuch as is reprcfcntcd in the Fir 
gure.by HLI, for the Water falling freely 
will defccnd fader and fader like other Bodies, 
caufing thereby the Stream to become narr 
rower and narrower. Now let it be fuppo- 
fed that the Tube has a Bottom as CD with 
?n Hole in it at K juft fufficicnt to let the Stream 
pafs freely, ir is evident there will be no Ob- 
(Irudion on this Account, but that the Fluid 
will pafs through the Hole with fuch Veloci^ 
ty as it naturally acquires by falling from HI 
the lower Suj-facc pf the Ice. And if we fup- 
pofe M and N the empty Parts of the Tube 
to be filled witji Water,, the Water willprefs 
equally upon the Sides of.the Stream in eve* 
ry Dircftion (§. 6.) and therefore will be no 
Impediment to its Mpripn pn that Account, 
Laftly let us fuppofc the Ice taken away, and 

, the 



Chapu'i. among thtmf elves. 21 

the Srrcam fupplyed friCim-dlJb^WaYei^ at the 
Sides,, ofr is tht: '^Caie when a Fluid runs out 
through the Bottom 6f a Vcfl'cl 5 then will 
the Vrfbcity with which the Water flows* 
through the Hole continue the lame \ tor lo 
fai: as the Water coming from the Sides en- 
ded voars to deicend it lelf, fo far it obftrucls 
the Defcent of the Stream, and no farther j 
^nd conlequcntly caufes no Alteration in the 
Velocity or Quantity of Fluid running out. 
The Velocity therefore with which the Fluid 
pafles through the Hole, is equal to that which 
a Body would acquire by falling freely from 
the Level of the Surface of the Fluid to that 
Place. . . 

If the Hole is made in the Side of the 
Vcflel at the fame Diftance below the Sur- 
face, the Velocity will be the famci on Ac- 
count of that equal Tendency Fluids have to 
move every Way alike*, 

• Upon this Principle is founded the Pra6lice of making 
artificial Fountains. For if to a Veflel or Rcfervoir ABCD 
filled with a Fluid to the Height^F, be fixed the Pipe CHy 
(a9 rcprcfented Fig, lo.) with a fmalJ Aperture at K^ the 
Fluid will fpout up from thence to TL the Level of the 
Surface of the Fluid in the Veflel. For by this Propofition 
it will fpout from K with fuch a Velocity, as a Body would 
acquire by falling from FL the Level of the Surface to the 
Aperture at K^ that is, fuch as will carry it from the Aper* 
ture to the Level ; becaufe that Velocity which a Body acquires 
by falling from a certain Height is (ufHclent to carry it back 
to the fame Height from whence it fell. 

But la Pra(£tice the Height the Fluid rifes to, is lefs (hai( 
that oi the Level of its Surface in the Refervoir; this is ow« 
vp% to tlie Refinance it meets with from the Air, its Friaion 
^ tg«inft 
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XL The Velocity with which a Fluid 
fpouts out £rom (he Bottom or Side of a VcC- 
fei is as the iqu^ta ]^ot. of the Height df it^ 
Surface above thq fiqlc *. 

The Caufc vvshya.Fluid fpouts out through 
9n Hole made ia. the Bottom or Side of a Ve& 
Hd is the Preffurc or. Weight of the* Fluid in- 
cumbent upon the Hole; from whence ic 
Ihould feemj that the Velocity ought to be 
as the Preffurc; but if fo, then the Quan- 
tity run out would aUo be as the Preffure 
{ior the falkr the Liquor flows the greater is 
the Quantity thrown out in a given Timc^ 
;ind vice versa) confcqucntly upon this Sup^ 
pofition we (hould have two EfFeds, each de- 
pending on the fame Caufe, and equal to ir^ 
which is abfurd, Tis not then the Quantity 

againft the Sides of the Pipe ^^r. It is found impoffible t<r 
liiake it much exceed the Height of an hundred Feet : For 
when if fpouts out of the Aperture with a Velocity neceflary 
ito carry it higher, the Stream is immediately daflied to Pieces 
by the Refiftance of the Air, whereby it lofes hs Force, ahd 
fe prevented from rifing to any conudierable Ifeight. 

* This Propofition may be otherwife dcmonftrated from 
the hll in the following Manner. For lince the Velocity 
with which a Fluid fpouts out through an Hole in the Bot- 
tom or Side of a Veflel, is equal to that which a Body would 
acquire by falling from the Level of the Surface of the Fluid 
to the Hole, and the Velocities Bodies acquire by falling ar<5 
as the fquare Roots of the Heights they fall from (Part h 
Chap. 5. 5. 5.) it follows that the Velocity, with which a; 
Fluid ' fpoiits out from an Hole in the Bottom or Side of 
a Veflel, is as the fquare Root of the Height of th^ Level 
of the jSurface of the Fluid abov^ jhe Hole* 

of 
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of Fluid riin out, nor the Velocity with which it 
flows, but itsMojnent or both thefe multiplied 
together, (Pgrtt I. Ch^ .9. §f i.) that is the true 
and adequate EfFcd of the Prcffure, Thefe there- 
fore being ever' in the fame Ratio, will each of 
them be as the fquare Root of the PrcflTure : 
lor tlicn being multiply ed together, their Pro- 
dud or the Moment of thie fpouting Fluid 
is adequately as th? Prcffufe/ which occafidns. 
it; but the l?re£furc is as; the perpendiculaf 
Height {§r 4.^ 'therefor and alfo 

the Quantity; of Fluid :fpoiiiting out is as the 
Iquare Root of the Height of its Surface above 
the Hole./. ! : 

T o give an Inftance Or two f fuppofe two 
Holes made in the Side of a, Veflel, the one 
an Incia below the Surface of the Fluid it con- 
tains, the othcrfourj the Vtlocity with which 
riie Liquor flows out '.of the lower Hole, will 
not be four times as grtat* as that with which 
it flows through the upper, notwithflanding 
the PreflTure is four times greater : for if ic 
fhould, the Quantity rtirt out in a grvcii Time 
would alfo be four times greater, confequent- 
ly the Effed produced would be fixteen times 
greater than it is at the upper Hole,, that is, 
four times, greater than the Caufe, which is 
abfurd. Whereas the Velocity and (;^antity 
of Matter, will each be only- twice as* great as 
they arc above, producing thereby a J^oirce 01^ 
Moment only four times as greiat, which is 

propor- 
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tionablc to the Caufc. So if an Holp were 

mide fixteen times Tower thai\ ihe nrll, tlic 

• , ... 

Velocity and Quantity of Matter w^ll n6t be 
eachfixteeii times ^ftatcr than at the other, but' 
only four times greate'r apiece, and fothcMox^ 
mcntfixtcentimesTgreat'cr, as the Preflure is*. 

* • From hence we -iayf fee the« Error fome of the forcfgrr 
Mathematicians have f^Jlcn into with' Regard U> ths. Forces 
of moving Bodies, wbo ^contend that they arc as the Squares 
<jf the Velocities mutfiplied by the Quantities of Matter. For 
from this Propofition' it i^ that one of this principal Argu- 
ments brought in Favour of this Opinion -is- derived. The/; 
argue thus, EffeBs arc ever proportionable to . their Cau/es^ 
the P refute o( the incumbent Fluid is'thc'Cau/e of icr 
fpouting out, the Force with which it fpouts put, is the E/^ 
feSy but by this Propofition the Prejfnre is as the Square of 
the Velocity it flows with, therefore the Force is IJkewife ^s' 
^ic Square of the Velocity. True, it is fo; but let ns fee the 
Confcqucnce. The Force with which the fluid fpouts oat 
is not only owing to the Velocity, but the Qgandty.run out 
in a given Time, they have- each their S^arc in producing' 
the Force, confequently the Force is in a Ratio compounded* 
of both, or as the Produ|ft of one multiplied by the other, 
rvr, which comes to the " fame Thing, ((ince as was obfervcd 
before], they are in the fame Ratio with each other) a.v the 
Square of either of them ; .from hence it is, that the Force* 
of Fluids in' Motion ard faid to be as the Squares of their 
Velocities.-; not that they are fo in .Virtue of thofe Velocities, 
as fuch, but in Virtue of them,. and the Quantiiioe of Matter 
tiken together, ' or becaufe the Squares of tbc Velocities is 
the fame Thing with the fimple Velocities ifiifltiplied by the 
Qjiandtics of Matter, Therefore when it is faid, the Forces^ 
of Fluids are as the Squares of the Velogifies, that Part of 
the Force which arifes from 'the Quantity of flatter ir, really 
t3(kefi into. Co;ifideration* How ridiculous then muft it be 
in, thoCc Gentlemen to fetch an ArgumcAt from hfnce to 
prove, that the Forces of Bodies ^ in Motion 'arc as the Scpares 
l)f the • Velodties and Quantities' of Mtfttor'tob,* when they 
arc a^ the Squares of the Velocities, only becaUfip the Quan-- 
ti.tle& of Matter are implied in diem^ 
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XI 1. When a Current of Water or other \ 

Fluid falls perpendicularly upon the Surface ^ . « 

J of a Plane, or flows againft ir, (as the Wind ^ I 

againft the Sail of a Shipy or the like) the 

1^ Force, which the Fluid exerts upon it> is equal 
to the Weight of a Column of the fame Fluid, 
whofe Bafe is equal to the Plane, and its 
Height fuch, that a Body falling freely through 
it would acquire the fame Degree of Veloci* 
ty with which the Fluid moves *. 

In Order to demonftrate this Propofition, 
let us fuppofe the Veflcl ABCD (Fig. iij 
filled with a Fluid> and having a large Hole 
EF in the Bottom, then will the Prcffurc of 
the Fluid caufe a Stream to flow out, which 
in the Hole it felf will have fuch a Degree 

) ' of Velocity, as a Body would acquire by fall- 
ing freely froiji the Surface of the Fluid in 
the Veflcl to the Hole (as dcmonftrated §. lo.) 
In the midft of this Hole, and confcqucntly 
in the Stream, let us fuppofe a Plane as PQ^ 
fufpended, but fomewhat lefs than is fuflicient 
to fill the Hole, leafl; it flop the Current of 
ihc Water, Now 'tis certain this Plane fup- 
ports a Column of the Fluid equal to that 
which prcflTes upon any other Part of the Bot- 
tom of the Vcflel of equal Dimenfions with 

* Prom this Propofition is deduced the Method of computing; 
the Power of a Machine, which is to be moved by Wind or 
Water l^c. See an Inftahce of fuch a Calculation in the Mc- 
«oir8 of th« Royal Academy pf Sciences for the Year i^z^* I 

D it 
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it fclf (for being thus placed^ it i^ay be look- 
ed upon as a Part of the Bottom) but every 
Part bears a Cohinin, whofe Bafe is equal to 
its own Dimenfions, and its Height the fame 
^ith that of the Surface of the Fluid in the 
Veflcl : Confequently this Plane fupports fucb 
a Column, that ist it is refifted by the Stream 
with a Force equal to the Weight of a Co^ 
himnt whofe Bafe has the fame Dimen^fiond 
with it felf, and whofe Height is equal to thait 
of the Surface of the Fluid in the Vcflel, that 
is* fuch an Height as a Body by falling freety 
fi-om, would acquire a Velocity equal to chat 
with which the Fluid mov^s. 

XIII. The Preffurc of a Fluid againft a per- 
pendicular Bank or Sltiice (^c. is equal to the 
Weight of a Column of the! ftmc Fluid, whofe 
Bafe is equal to (b much of the Bank as is 
below its Surface, and which: has half the 
Depth of the Fluid for its Height *. 

If the Prcflure upon every Part of the Bank 
from the Surface to the BottxDm ivas as:great 
as it is at the Bottom, the Preflfurc againft it 
would be equal to the Weight of a Column 
whofe Bafe is equal to fo much of the Bank 
as is under the Surface of the Fluid, and 



* From hence we fee the Reafon, why the Water of the Sea 
or great Lakes is as eafily kept within, their Banks (fetting 
afide the Force which arifes from the Motion of the Waves 
as that of the narroweft Can^l, <t}iz. becaufc the Preffure 
ids is not in Proportion to their Surfaces, but their 
Depths. 

whiclj 
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whidi has the vfhak Depth of the Fluid foe 
its Height ; for the Preflure upon every Part 
of the Bank at the Bottom is equal to the 
Weight of a Column, whofe Bafe correfponds 
to the Part preflcd upon, and its Height is 
that of the Depth <^ the Fluid ; confequentr 
iy if the Preflure was the fame every wher^ 
from Top to Bottom, it would be equal to 
the Weight of as many fuch Columns as would 
anfwcr to ail the Parts of the Bank : But the 
Pireffure every where diminilhcs in Proportion 
as we approach t|ie Top* where it is Nothing \ 
it is therefore but half^ what it would be 
in the other Cafe ; from whence the ProjpOf- 
ittion is clear. 

CHAP. II, 

Of the EffeBs Fluids have on Solids 

immerfed therein. 

L nn H E S^^ Gravity of a Body is that, 

X ^y ^>^ch it is faid to be heavier or 

i^hter than anothet of a different Kind : Thus 

is faid to be fpecifically heavier than 

\ hccaufe iuppofing Jin equal Bulk of 






,., B^uft ti^e Sam of a Nuniber .f f'Teritta iD Arith^nr- 
tical ryogrcffion be^inninj^ from Nothing, is Ijalf the Sum of 
ftk -equa^ Number of 'Perms,- 'cad> oi vrtiich is equal to die 
M in tb^ ProgreijQO. 

ii; Pa cachi 
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ica jh| the one would be heavier than the other. 
From hence it follows that a Body fpecificaily 
heavier than another is alfo more denfe. that 
is, contains a greater Quantity of Matter un- 
der the fame Bulk, becaufe Bodies weigh in 
Proportion to the Quantities of Matter they 
contain (Part I. Chap. 3. §. 7.) 

II. If a Solid is immerfed in a 71 aid of 
the fame fpecific Gravity with it feif, it will 
remain fufpended therein» in whatever Part 
of the Fluid it is put. 

Let the Body FGHI (Tig. 12.; be im- 
merfed in the Fluid ABCD to the Depth MN, 
or any other whatever $ I fay, it will continue 
in the fame Part of the Fluid when left to it 
felf, without either rifing towards the Surface* 
or finking towjvds the Bottom. 

For the Body being (by the Suppofttion) of 
equal Gravity with the Fluid, the Weight of 
the Column KLHIi which coniifts partly of 
Fluid and partly of the Body, is the fame as 
if it had been all Fluid; confequently HI, that 
Part of the Surface of the Stratum MN which 
lies immediately under the Body, is prelfed 
with the fame Degree of Force, that any other 
Part of the fame Dimenftons is, and there- 
fore the whole Column KLHI will be fup- 
portcd in its Place. Now the fame being true 
of the Column KLHI whatever be its Length, 
'^is evident the Body will be fufpended in its 
Place at any Depth. 

in 
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III. B u T if the Body is fpecifically heavier 
than the Fluid in which it is immerfed) ic 
will fubfide to the Bottom : For then in what- 
ever Part of the Fluid it is put, the Column 
KLHU will always be heavier than an equal 
Columnithat conMs all of Fluid; confequent- 
ly HI, that Part of the Stratum MN, which 
lies immediately under the Body will fufFer 
a greater Preffure, than any other Part of the 
fame Dimendons \ and therefore will give way 
and permit the Body to fubfide continually 
till it reaches the Bottom. 

IV. On the contrary if the Body is fpeci- 
fically lighter than the Fluid, it will rife to 
the Top in what Part of the Fluid foever it 
is put. For then the Column KLHI will 
always be lighter than an equal Column 
which is all Fluid s confequcntly H I will be 
Jefs preflTcd downwards than any other Part 
of the fame Stratum of eqyal Dimenfions, and 
will therefore continually rife up carrying the 
Body with it, till it, arrives at the Top. 

V. A Body being laid on the Surface of 
a Fluid fpecifically heavier than it felf, fmks 
into itt till the immerfed Part takes up the 
Place of a Quantity of Fluid, whofe Weight 
is equal to that of the whole Body. 

Let EFGH (Fig. 13 J be a Body floating 
on a Liquor fpecifically heavier than it felf, 
it will fink into it till the immerfed Part 
IKGH takes up the Place of fo much Fluid, 
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as is equal to it in Weight. For in that Cafe 
GH that Part of the Surface of the Stratum 
upon which the Body reAs, is prefied with 
tlie fame Degree of Force as it would be, 
was the Space IKGH full of the Fluid s that 
is, all the Part$ of that Stratum are preflTcd 
alike, and therefore the Body after having 
funk fo far into the Fluid is in Mydlihrk 
with it, and will remain at Reft. 

From hence it follows, that the Body is 
Its much fpecificaily lighter than the Fluid on 
which it floats, as the immerfed Part is le£s 
than the Whole. For by how much the le($ 
the immerfed Part is, fo much the lefs Fluid 
IS equal in Weight to the whole Body \ that 
Is, the Body is fo much the lighter in Refpeft 
of the Fluid. And if the fame Body is made 
CO float fuccefllvely in Fluids, whofe fpecific 
Gravities differ among thcmfelvcs, (but all ex- 
ceed that of the Body), the lighter the Fluids 
are, fo much greater will be the Part im- 
merfed *. 

VI. A Body fufpended in a Fluid fpeci- 
ficaily lighter than it felf, lofes a Part of its 
Weight (or rather communicates it to the 

* This Phenomenon is what gave Rife to the Hydrome- 
ter, an . Inftrument of great Ufe in afcertaining the Genuinefs 
of Liquors ; for it rarely happens, that the adulterated and 
the genuine Liquor (howaver they may agree in Appeantnoe) 
are of the fame fpecific Gravity. 

Fluid) 
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Fluid) equal to that of a Quantity of Fluid 
of ttie iamc Bulk, 

Let us inftead of fuppofing the Body fuf* 
pendcd in the Fluid, imagifie it to be away^ 
and its Place filled with the Fluids now 'tis 
evident, this being of the lame Ipccific Gra* 
vity with the circumjacent 'Fluid, will be en- 
tirely fupported by it, or if we fuppofe the 
Body to be of the fame fpccific Gravity 'with 
the Fluid, it will be wholly fefpended by. it ; 
we fee therefore the Preflbre of the circum- 
ambient Fluid, whereby it Endeavours to buoy 
up the Body, is Cjquivalent to the Weight of 
fo much Fluid, as would fill the Place the 
Body takes up. But fince/the Fluid prcfies 
only on the Surfaces of the Body, that PrcP* 
fure is the fame, whatever be the fpccific Gra- 
vity of the Body 5 the Body therefore lofes fo 
much of its .Weight as the Fluid would natu- 
rally buoy up \ that is, fo much as is the Weight 
of a Quantity of Fluid of the fame Bulk. 

This Propofition affords us a Method of 
determining the Relation which the fpecific 
Gravities, of Bodies, whether Fluid or Solid, 
bear to each other. For whereas by weigh- 
ing a Solid in a Fluid, fpccifically lighter than 
it felf, we find the abfolute Weight of a Quan- 
tity of the Fluid equal to it in Bulk {^iz,. the 
Weight the Solid lofes) the Relation, that 
•Weight bears to the Weight of the Solid, is 
the Relation of their fpccific Gravities; be- 

caufe 
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caufc the Weights of Bodies^ whofe Bulk^ 
are equal, are as their fpecific Gravities: c<$ii>^ 
fequcntiy if the £ame Solid is weighed (uc- 
ceilively in different Fluids (all lighter than 
it felf) we gain the Relation which the fpe- 
cific Gravity of each bears to that of the So* 
lid, and therefore to one another. Again, 
if different Solids are weighed in the fame 
Fluid* the Relation which the fpecific Gravity 
of that Fluid bears to each Solid is had, and 
therefore alfo the fpecific Gravities of the So- 
lids among themfelves ^. 

• Upon this is founded the Ufc of the hydroibtical Ba- 
lance for determining the fpeciiic Gravities both of Solids and 
Fluids The Pra6Uce is thus. Firft let the Solid be weigh* 
cd in Air, that is, ^ut of the Fluid ; afterwards in it (this ought 
to be done by fufpending it at one End of the Balance by a 
String that is as nearly of the fame fpecific Gravity with the 
Fluid made Ufeof as poffible, and letting it (ink into the Fluids 
till it is wholly immerfed below the Surface ; if the Fluid 
is Water, an Horfe Hair is moft convenient to bang the Body 
at the End of the Balance by) then fubilrad^ its Weight in the 
Fluid from its Weight in Air, the Difference is what it lofes in 
the Fluid. This done, fay, by the Rule of Proportion, as the 
Weight lofl in the Fluid is to ils Weight in Air, fo is Unity, 
or any Number taken at Pleafure, to a Fourth, which by its 
Relation to the former, will exprefs the Relation of the fpe- 
cific Gravity of the Fluid to that of the Solid Thus the Re- 
lation which the fpeciiic Gravity of the fame Fluid bears to that 
of various Solids, or of the. fame Solid to that of various Fluids, 
and confcquently the Relation of the fpecific Gravities of all 
among themfelves may be obtained. 
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LripHAT Part of Natural Philofophf,; 
\ which treats of the Properties of the 
Atr^ and the Effcfts of its PreJJiire and EUJlu 
eitj^ is called Fneummcs. 

XL Air is a thin tranfparent elaftic Fluid 
furrounding the Earth to a certain Height* 
which taken together, is called the Atmofphere. 

III. That Air is a Fluid, is evident fron* 
the cafy JPaUage it affords 16 Bodies moving 
in it : : for this (hows it to be a Body ^ 
whofc Parts cafily yield to a Prefliirc that is 
greater on one Side than on the other, which 
is the Definition of a Fluid. 

IV. Air gravitates towards the Earth, or 
is heavy like other Bodies. 

T o prove this; we have Abundance of Ar» 
guments both from Senfe and Experiment. 
Thus* when the Hand is applied to the Ori« 
ffcc of a Vcflcl. it readily perceives the Weight 
of the incumbent Atmofphere, as foon as the 
Air included in the Veflel begins to be drawa 
out. Thus, Glafs Veflcls exhaufted ot their 
Air (if not ftrong enough to fuftain the PrcC* 
fure of the incumbent Atmofphcre) arc crufli- 

cd to Pieces bj the Weigh? of the Air with- 

E ' * ^^^^ 
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cut. When the Air is exhaufted out of a 
VelTcl, the Vcffcl weighs \t^% than beforc-r 
With a great many more Experiments gene- 
rally mentioned by Authors on this Subjed *• 

V. The exaft Weight of the incumbent 
Air is determined by filling a Tube with Mer- 
cury* and immerging the open End in a Vef- 
fcl of the fame Fluid : for then the Mercury 
will run down the Tube, till its Surface is fallen 
only to the perpendicular Height of about twen* 
ty nine or thirty Inches above the Surface of the 
Mercury in the Veflcl \ if the fame Experi- 
ment is made with Water^ the Surface of it 
will (land at about the Height of thirty two 
Feet above the Surface of that in the Vefiel $ 
the Column of Mercu^ in one Cafe, and the 
Column of Water in the other cxaftly ba- 
lancing the Weight <rfa Column of Air* which 
reaches to the Top of the Atmofphere, and 
prelTcs upon the Surface of the Fluid in the 
Vcflcls. This is what is called the Torricel- 
lian Experiment, from Torricelli the Inventor, 
and is the fame with the common Bara; 
meter. 

From hence it follows, (Chap. I. §. 9.) 
that all Bodies at the Surface of the Earth 
fuftain as great a Weight from the Preffure 
of the Air, as is that of a Column of Water, 
whofe Height is thirty two Feet* and its 

• Sec Boyli^ Tnasi or Gravefandc Lib, II. P. III. 

Bafif 



A 






C3iap. 3. Of the Air. 35 

Bafc equal to the Surface of the Body prcffcd 
upon*. . ' ^ 

VI. That the Sufpenfion of the Mercury 
in' the Barometer depends on the Prcffure of 
the external Air, is beyond all Doubt 5 for if 
the Barometer is included in the Air Pump, 
the . Mercury falls in the Tube in Proportion 
as the Air is' exhaufted out of the Receiver ; 
ancl if tlie Air ' is let in again gradually, the 
Mercury rcafcehds proportionably, till it jrcach- 
cs its former height. 

yil. ThjAt, the Atmofphcre is extended to 
a determinate , Height, appears from hence 1 
^iz,. that when the Torricellian Tube is re- 
moved to a more elevated Place, thefufpend^ 
cd . Column ^pf Mercury becomes fliorter, 
which is, becaufe a fhortcr . Column of Air 
prefles upon it, or, that the Tube in this Si- 
tuation is nearer the Top of the Atmofphere. 

• The Prcffure- of the Atmofphere upon every fquare Indi 
near the Surface of the Earth is about fifteen Pounds, being 
•equal to die Weight of a Column of Mercury, whofe Height 
is thirty Inches and its 'Bafe one fquare Inch. Now fuch % 
Column of Mercury would weigh about fifteen Pounds. The 
"Wei^t of the Atmofphere therefort which prelTcs upon a Man's 
B()dy is equal to fq many Times fiften. Pound, as the^urfacd 
of his Body contains fquare Inches^ 

The Reafon why 4 Pcrfoil fufFers , no Inconvenience from fo 
great a Prefiiire is* owing to the Air included within the Pores 
and Fluids of (he Body» which by its Rea^ion is a Counterpoife 
to the Preffure of the 'external Air : as we Ihall explain more 
'ful>|^, when wc come t6 fp^ak of the Diving Bellj and the Man* 
jiarof uling^, 

E z vin; 
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VIII. The Elafticity of the Air i$ thatPro- 
]pcrty by which it contrads it fclf into lcf$ 
Space, when an additional Preflurc is laid up- 
on it^ and recovers its former Dimenflons^ 
vhen the Preffure is taken oiF. This is ac- 
counted its diftinguifhing Property, all the reft 
being common to it with other Fluids. 

Of this we have numerous Proofs. Thus^ 
a Bladder full of Air being compreDTed by the 
Hand, the included Air gives way 5 but when 
the PrefTure is taken off, the Air expands it 
fclf, and readily fills up the Cavity or Im- 
^reilion made in the Surface of the Bladder. 
And if a larger Quantity of Air, than is na- 
tiurally prefifcd into a Veffel by the Weight of 
the incumbent Atmofphere, is forced into it 
by the Condenfer (an Engine for that Purpofc) 
and if that Air is afterwards let out by open- 
ing the Veflcl, the Remainder is found to be 
of the fame Weight as at firft 5 from whence 
it follows, that the Air by means of its Ela- 
fticity or Spring drives out all that which was 
forced in by the Condenfer, recovers its for- 
mer Dimcnfionsp and fills the Veflcl as before. 

IX. From hence, together with what 
has been obfervcd about the Prcflure of the 
Atmofphere, it follows, that the Air near 
the Surface of the Earth, is comprefled 
into a much narrower Space by the Weight 
:Cf the Air above, than that which it would 
naturally take up, was it freed from that 

Prfflfiuc} 
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Prcffurc 5 accordingly ic is found by Expe- 
riment, that when the Prcflurc ot the At- 
morphcre is taken off from any Portion of 
Air, it immediately expands it lelf into a vaft 
Extent.. Hence it is, that thin Glafs Bubbles 
or Bladders filled with Air, being included in 
the Receiver of the Air-Pump, arc brqkc ill 
Pieces by the Spring of the Air they cqntaia 
within them, when the Prcffure of the cxctr* 
iial Air; is taken off. Thus a Bladder quite 
flaccid containing only a fmall Quantity of 
Air in it, fwcllsupon the Removal of the ex- 
ternal Afir, and appears diftend^d as if it con- 
tained 48 great a Quantity as poffible. The 
fame EiHCed is found in carrying a Bladder 
fomewha^^ flaccid to a more elevated Place, 
for there the external Preffure being Icfs, the 
Air included in the Bladder is in lome mea* 
fure freed from the Prcflure of the Armo^ 
fphere> it therefore dilates it felf, and diflends 
the Bladder as in the former Cafe. 

X. It is found by Experiment, that the 
greater the Porce is with which a Quantity 
of Air is comprefledt fo much lefs is the Space 
into which it is contraded. From whence it 
follows, that the Denftty of the Air is pro- 
portionable to the Preflurc which it fuftains* 
As to the utmoft Degrees of Expanfion and 
Contraction which the Air is capable of, they 
9re as yet unknown, In feveral Experiments 
m^de by Mrt BojUy Air iu its natural State, 

that 
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that is, prcflcd only with the Weight of the 
incumbent Atmofphere, dilated it Iclf, when 
that Preflurc was taken ofF^ into more than 
thirteen thoufand Times the Space it took up 
before. And he was able fo far to compre^ 
it, that it fhould take up more than five hun- 
dred and twenty thoufand Times lefs Space 
than that into which it would dilate it fclf 
when freed from its Prcflure ^. 

XI. From this Property it folteSJlrs, thdt 
the Air in the inferior Parts of the? Atmo- 
fphere is more den fe, than that '^hich is at 
great Heights in the fame 5 or,' that* the; Den- 
fity of the Air decreafes cpntinuiify^ ks wd 
approach the Top of the Atm6(ph(ircf. T^or 
the Denfity of the hSi is proportionable to the 
Force with which it is compfefled, and that 
Force continually decreafes as • we Approach 
the Top. 

* Sec Boyle*s Trafts and Experiments on the Spring and 
PrefTure of the Air. 

Various have been the Opinions of Philofophers concerning the 
Caufc of this prodigious Spring in the Particles of Air ; fomc hold- 
ing it to depend on their Figure, which they- iuppoTe to refem- 
b'le in fome Manner little Bundles of Twigs or the Branches of 
Trees ; fome think them like Fleeces of Wool, others conceive 
them as rolled up like Hoops, or the Springs of Watches, and 
endeavouring to expand themfclves by Virtue of their Texture. 
But Sir Ifaac Nekton is of Opinion, that fuch a Texture is 
\y no Means fufficient to account for that vaft Power of Ex!- 
panjion obferved above: but that each Particle is endued with 
a- repelling Force, which encreafes as they approach one ano- 
(Cher, and accordingly keeps them afundei^ at Diftances reel* 
procally proportionable to the prefTure they fuft^in. ; 

See Halesh Statical Effays. Vol. I. Chap, 6. 

Was 
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Was the Dcnfity of the Atmofphcrc every 
where the fame, as it is near the Surface of 
the Earth,* its Height (as is computed from 
the Quantity of Preflure it exerts in railing 
the Mercury in the Barometer) would be a- 
bout five Miles. But whereas its Deniity con- 
tinually decreafcSi as we approach the Top, 
and it is uncertain how far the Particles may 
expand themfelves where there is little or no 
Preflure, the true Height cannot be obtained. 
It is computed to continue of a fenfible Den- 
fity to the Height of about forty five or fifty 
Miles. 

XIL The Elafticity of the Air produces, 
the fame EfFefts with its Preflure. 

For Adion being equal to Readion, the 
Force which the Spring of the Air exerts in 
endeavouring to expand . it felf, is equal to. 
the Force with which it is comprcflcdj juft 
as it is in the Spring of a Watch, which ex-* 
erts no Force, but in Proportion as it is wound 
up 5 confcquently a Quantity of Air in fuch 
a State of Contradion, as it would be com- 
preflfcd into by the Weight of the incumbent 
Atmofphere, exerts a Force equal to that 
Weight. If a Quantity of Air therefore is 
included in a Veflel, and is of the fame Den* 
fity with the circumambient Air, its Preffiirc 
agaihft the Sides of the VeflTel is equal to the 
Weight of the Atmofphere. Thus Mercury 
is fu^ained to the fame Height by the elaflic 

Force 
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Force of Air included in a Glafs Veflfel no 
way communicating with the external Airt as 
by the Weight of the Atmofphere it fclf. 

XIIL The Elafticity of the Air is aug- 
mented by Heat and diminiflied by Cold'''. 
For if a Bladder> which is about half filled 
with Air, is laid before the Firei it will, 
when it is fufHciently heated, be diftended 
and burft. Thus, Glafs Bubbles being laid 
upon the Fire immediately burfl: with great 
Violence by the augmented Spring of the in- 
cluded Air. 

XIV, The Denfity of the Air thus conti- 
tinually varying, according to the different 
Degrees of Heat and Cold, to which it is ex* 
pofcd, makes it difficult to afcertain its true 
ipecific Gravity. Ricciolm eftimates it to be to 

• This Property is found in all Bodies both Solid and 
Fluid, but in a much lefs Degree, than it is in Air. Thus, 
if a Flafk is filled with Water only to the lower Part of 
the Neck, and is then fct upon the Fire, the Water, when it 
begins to grow warm, will rife into the Neck, and continue 
to afcend, as the Heat is increafed. And when a Wire of 
Bar of Iron is heated, it is augmented both in Length and 
Diameter. 

Upon this Property depend the Phsenomcna of the Ther- 
mometer, which is a Glafs Bubble with a fmall hollow Stem 
arifing from it This Bubble and Part of the Stem is ufually 
filled with Mercury, or Spirit of Wine, which will rife of 
fall in the Stem as they are affc£fced by the Heat or Cold 
of the external Air, If a fufficient Degree of Heat is fud- 
denly applied to this Inllrument, the Liquor is obferved to 
dcfcend a little before it rifes, becaufe the Glafs dillending 
it felf, the Capacity of the Bubble is augmented, before the 
included Li(^uor is a Jedcd by th^ Heat, 

thac 
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that of Water, as one to a Thoufand : Aier 
fennus as one to one Thoufand three Hundred • 
Mr. Boyle by more accurate Experiments found 
it to be, as one to nine Hundred and Thirty 
eight, and thinks, that, all Things conftdcrcd^ 

\ the Proportion of one to a Thoufand may be 
taken as a medium \ for there is no fixing any 
precifc Proportion, becaufe not only the fpc- 
cific Gravity of Air, but that of Water alfo is 
continually varying. However by fome Experi- 
ments made ftnce with more Accuracy before 
the Royal Society^ the Proportion has been fix- 
ed at about one to eight Hundred and 
Eighty. 

XV. A I R is neceffary for the Prcfervation 
of Animal and Vegetable Life; neither will 
Fire fubfift without it. The Reafon of this 

♦ Is as yet unknown to Philofophcrs. Mr. Hales 
by feveral curious Experiments in his Statical 
Eflays makes it probable, that 'tis owing to 
its Elafticity, See his Jnalyfis of it. Statical 
Eflays Vol. I. Chap. 6. 

C H A P. IV. 

' Of the Rejiftance of Fluids. 

I.'T^HE Refiftance a Body meets with in 

1 moving through a Fluid, is of three 

Kinds. The firft arifcs from the Friftion of 

the Body againft the Particles of the Fluid ; 

F the 
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the fccondi from their Cohefion or Tenacity 
among themfelves : the third, from their In- 
aftiviry, or the Tendency they have, in com- 
mon with other Bodicsi to keep the Places 
they poffefs. 

The firfty viz.. that which arifes from the 
Fridion of the Body againft the Particles of 
the Fluid is very inconfiderable 5 for whatever 
^he Weight is, which prefles the Particles of 
a Fluid together, the Freedom, with which a 
Body moves through iti is not feniibiy di- 
minifhcd thereby. As was obfetvcd Chap. i. 
§. ^. in the Notes. 

The feeond, or that which arifes from 
the Tenacity of the Particles of the Fluid, is 
as the Time the Body takes up in paffing 
through it * 5 for the fliorter the Time is in 

* V^e have a very curious Argument in Confirmation of this, 
ind which at the fame time ilTuftrates the Manner in which a 
Body mak^s its Way through a tenacious Fluid, by Sir Ifaac 
J^eiuton himfelf, in a Poltcript to a Letter in the Philofophical 
Tranfa^lions N^ 371. It is as follows. * Suppofe Pieces of 

* fine Silk, ot the like thin Subftance, extended in parallel Planes, 

* and fixed at fmall Diflances from each other. Suppofe then a 

* Globe to ftrike perpendicularly againft the Middle of the 

* outermoft of the Silks, and by breaking through them to lofc 

* Part of its Motion. If the Pieces of Silk be of equal Strength, 

* the fame Degree of Force will be required to break each of 

* them ; but the Time, in which each Piece of Silk refills, will 

* be fo much Ihorter as the Globe is fwiftcr j and the Lofs of 

* Motion in the Globe confequent upon its breaking through 
' each Silk/ and furmounting the Refiftance thereof, will be pro- 
^ portional to the Time in which the Silk oppofes it felf to 

* the Globe's Motion ; infomuch that the Globe by the Re- 

* filtance of an/ one Piece of Silk, will lofe fo much lefs of its. 

* Motion a» it is fwifter. But on the other Hand, by how 

'»ucb 
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which the Force of Cohciton is broke through» 
the le(s EflFed it has in reftfting the Motion 
of the Body. This Species of Reftftance is 
alfo very (mall except in glutinous and vifcid 
Fluids, whole Parts are not eafily fcparated. 

Trt B third Species is the principal Rcfiftance, 
that Fluids give to Bodies, and acifes from thcip 
Inadivity or the Tendency the Particles, of 
which they confift, have to continue at Reft. 
The Quantity of this Reftftance depends on the 
Velocity the Body moves with on a double Ac- 
count. For in the firft Place, the Number of Par- 
ticles put |into Motion by the moving Body in 
any determinate Space of Time, is proportion- 
able to the Velocity wherewith the Body moves j 
and in the next Place, the Velocity with which 
each of them is^moved, is alfo proportionable 

« much fwiftcr the Globe moves, fo many more of the Silks it 

* will break through in a given Space of Time i whence the 

* Number of the Silks, which oppofe themfelvcs to the Mo- 

* tion of the Globe in a given Time, being reciprocally pro* 

* portional to the Efiedi of each Silk upon the Globe, the Re- 

* Mance made to the Globe by thefe Silks, or the Lofs of Mo- 

* tion the Globe undeigoes by them in a given Time, will be 
^ always the fame. 

* Now if the Tenacity of the Parts of Fluids obferves the 
« fame Rule, as the Cohelion of the Parts of thefe Silks ; name- 

* ly^ that a certain Degree of Force is required to feparate and 

* difunite the adhering Particles, the Refiftance arifing from the 

* Tenacity of Fluids muft obferve the fame Rule, as the Re- 

* Mance of the Silks ; and therefore in a given Time the Lofs 

* of Motion, a Body undergoes in a Fluid by the Tenacity of 

* its Parts, will in all Degrees of Velocity be the fame ; or 

* in fewer Words, that Part of (he Refiftance of Fluids, which 
^ arifcd from the Cohefion of their Parts, will be Uniform. 

IE I tQ 
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to the Velocity of the Body 5 this Species 
therefore of Rcfiftancc is in a duplicate Pro- 
portion, or as the Square, of the Velocity, 
with which the Body moves through the 

Fluid * 

II. Farther the Refiftance a Body mov- 
ing in a Fluid meets with from thence, may 
be confidered with Regard to the FJuid i and 
then it will be found to be more or lefs, ac- 
cording to the Denfity of the Fluid. For by 
how much* denfer the Fluid is, fo much the 
greater Number of Particles are to be put in- 
to Motion by the Body in Order to make Us 
Way through it- 

III. The next Thing to be confiderc^l 
is, the EfFeas of the Refiftance of Fluids upon 
Bodies moving in them 5 that is, the Retar- 
dation which they caufe in the Motion of a 
Body by their Refiftance, or the Quantity of 
Motion they deftroy. 

* This may be otherwife demonftrated from the twelfth 
iSefVion of the foregoing Chapter ; for from thence it follows, 
that the Refiftance a Fluid gives to a Solid againft which it 
moves, is proportionable to the Height a Body muft fall from, 
to acquire fuch a Degree of Velocity as the Fluid moves with : 
but the Heights Bodies fall from are as the Squares of the Ve- 
locities they acquire by falling ; confequently the Refiftance a 
Fluid gives to a Solid, againft which it moves, is alfo as the 
Square of its Velocity, Now it matters not, as to the Re- 
fiftance, whether the Fluid moves againft the Solid, or whether 
it be at Reft, and the Solid moves in it ; the Refiftance there- 
fore which a Fluid gives to a Solid moving in it, is as th^ 
Square of the Velocity, with which it, moves. 
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And this in fimilar Bodies of equal Mag- 
nitudes is inverfely as their Denfitiest or the 
Quantity of Matter they contain i for by hovr 
much the greater the Quantity of Matter ia 
any Body is» fo mudi the more eaOly does 
it overcome the Refiftance it meets with from 
the Fluid. Thus we fee the Refiftance of the 
Air has a much lefs EfFcd in deftroying the 
Motion of an heavy Body,* than of a light 
one which has the fame Dimenfions. 

IV. In fimiiar Bodies of equal Denfities, 
but different Magnitudes^ ithe Retardation is in- 
verfely as their homologous Sides, For the Re- 
fiftance Bodies meet with in a Fluid, is inverfely 
astheQuantity of Matter they contain (by the 
laft,) that is inverfely as the Cubes of their 
homologous Sides $ and it is alfo diredtly as 
their Surfaces, becaufe 'tis by them that they 
move the Fluid out of its Place, that is, di- 
r^dly as the Squares of their homologous Sides $ 
confequently the. Retardation is inverfely as 
their homologous Sides*. 

Having given the fundamental Princi- 
ples of HydroftaticSy and (hewn how Fluids 
both comprefHble and incompreflible are \iif^ 
pofed to z€t upon each other, and upon So- 
lids by their Prcffure, Motion, Elafticity and 

. * B^^caufc tJie invcrfe Ratio of the Cubes of any Numbcri 
l>eiDg compounded with the dired Ratio of the Squares of the 
futCy gives the inverfe Ratio of the Numbers themfelves. 

Rcfia- 
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ILcnnance ; I proceed now to account for 
fome of the more temarkablc Fhxnomena 
of Nature, in which they are in Part or al- 
together ccHicerncd: and this I deJign for 
the Subject of the following Di0ertations. 



DISSER- 
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DISSERTATION I. 

Of Sound. 

\1^ HEN the Parts of an elaftic Body ar6 
V r put into a tremulous Motion by Pcr- 
cufHon or the like, fo long as the Tremors 
continue, fo long is the Air included in the 
Pores of that Body, and likcwifc that which 
prefles upon its Surface, afFcded with the like 
Tremors and Agitations: now the Particles 
of Air, being fo ftr comprefled together by 
the Weight of the incumbent Aimofphere, as 
their repulfive Forces permit, (as has been c^t- 
plaincd Chap. 3.) it follows, that tbofe which 
arc immediately agitated by the reciprocal 
Motions of the Particles of the elaftic Body„ 
will, in their Approach towards thofe which 
lie next them, impel them towards each othcr< 
and thereby caufe them to be more condcnfcd, 
than they were by the Weight of the incum- 
l)cnt Atmofphcre, and in their Return fiifFef 
them to expand thcmfelves again j whereby 
the like Tremors and Agitations will be pro- 
pagated to the next, and fo on, till having 
arrived at a certain Diftance from the Body, 
they ccafe, being gradually dcftroycd by aeon-, 
tinual fucccflive Propagation of Motion to' 
frefli Particles of Air throughout their Pro- 
grcfs. 

Thus 



_. 
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Thus it is that Sound is communicated 
from a tremulous Body to the Organ of Hear- 
ings Each Vibration of the Particles of the 
founding Body is fucccflivcly propagated to 
the Particles of the Air, till it reaches thofc 
which are contiguous to the Tympanum of the 
Ear, (a fine Membrane diftended acrofs it») and 
thefc Particles in performing their Vibrations 
impinge upon the Tympanum, which agitates 
the Air included within it^ and that being put 
into a like tremulous Motion, afFeds the au- 
ditory Nerve, and thus excites in tht Mind 
the Senlation or Idea of what we call Sound, 

Now jfince the repulfive Force of each 
Particle of Air is equally diffufed around it 
every Way, it follows, that when any one ap- 
proaches a Number of others, it not only re- 
pels thofc which lie before iti in a right Line ; 
but all the reft, laterally according to their re* 
fpedive Situations 5 that is, it makes them re- 
cede every Way from it felf, as from a Cen- 
ter : and this being true of every Particle, it 
follows, that the aforefaid Tremors will be"^ 
propagated from the founding Body in all Di- 
rcdions, as from a Center: and farther, if 
they are confined for fome Time from fpread- 
ing themfelves by pafling through a Tube or 
the like, will when they have pafled through 
it, fpread themfelves fronv the End in every 
Diredion. In like Manner, thofe which pafs 
through an Hole in an Obftadc they meet 

with 
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with in their Way, will afterwards fprcad 
themfelves from thence, as if that ^as the 
Place where they began 5 fo that the Sound 
which palTes through an Hole in a Wall or 
the like, is heard in any Situation whatever* 
that is not at too great a Dillance from it. 
Something analogous to this we may obicrve 
in the Motion of Waves upon the Surface of 
a Fluid, which are propagated equally through 
all Parts of the Surface in a Circle^ though 
occaHoned not by a circular, but reciprocal 
Motion and Agitation of the Finger in a 
flraight Line. 

Since the repulfive Force with which the 
Particles of Air ad upon each other, is reci- 
procally as their Diftances, (Chap. 3. §^ 10.) 
it follows that when any Particle is removed 
out of its Place by the Tremors of a found- 
ing Body, or the Vibrations of thofe which 
arc contiguous to it, it will be driven back 
again by the repulfive Force of thofe towards 
which it is impelled, with a Velocity propor- 
tionable to the Diftance from its proper Place, 
becaufc the Velocity will be as the repelling 
Force. The Confequcnce of this is, that, let 
the Diftance be great or fmall, it will return 
to its Place in the fame Time 5 (for the Time 
a Body takes up in moving from Place to Place 
will always be the fame, fo long as the Ve* 
locity it moves with is proportionable to the 
Diftance between the Places.) The Time there- 

Q fore 
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fore in which each Vibration of the Air is 
performed, depends on the Degree of Repul- 
iion in its Particles, and fo long as that is not 
altered, will be the fame at all Dilances 
from the tremulous Body 5 confcquenrly, as 
the Motion of Sound is owing to the fuc- 
ceffive Propagation of the Tremors of a found** 
ing Body through the Air, and as that Propa- 
gation depends on the Time each Tremor is 
performed in, it follows, that the Velocity 
of Sound varies as the Elafticity of the Air, 
but continues the fame at all Diftances from 
the founding Body. 

And as the Velocity, with which Sound is 
propagated, depends on the Elaflidty of the 
Air, (o it does alfo on its Derifity 5 for when 
the Denfity of the Air is augmented, while 
its Elafticity remains the fame *, a greater Num- 

* Perhaps it will not appear to every one, how the Denfitr 
of the Air can be augmented without a proportional Increale 
of its Elafticity, becaufe ceteris paribus, the nearer the Parti- 
cles approach each other, the ftronger is the AAion of their 
repulfive Force. 

But it is to be confidered, that when the Air becomes cold- 
er, its Elafticity is diminifhcd, and then the Particles arc 
brought clofer together by the Preffure of the Atmofphere, 
till they acquire an Elafticity equal to what they had before,. 
t/js. fuch as anfwcrs to the PrefTure they fuftain (Chap 3. §. 12 ). 
From hence we may infer, that the Propagation of Sound i» 
flower in Winter tlian in Summer, when the Mercury in the 
Barometer is at the fame Height ; for the Prefiure of the Air 
being the fame, m Elafticity which depends upon it, is fo too ; 
but the Air is denfcr by Rcafon of the Cold> and therefore 
its Vibrations flower. 

bcr 
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bcr of Particles will move forwards and back- 
wards in each Vibration 5 now iincc we fup. 
pofc the Caufc by which they put each other 
into Mdtion, {yiz>. their Elafticity,) the fame, 
they wtU each receive a lefs Degree of Ve- 
locity 5 arid fo the Vibrations will be per- 
formed in a longer Time, whence the Succcf- 
fion of them will be flower and the Progrefs 
of the Sound proportionably retarded *. 

Whereas the undulatory Motion of the 
Air, which conftitutes Sound, is propagated in 
ail Difeftions from the founding Body, it will 
frequently happen, that the Air ih perform- 
ing its Vibrations wiir impinge againft vari- 
ous Objefts, which will refled it back, and 

• The Method of determining the Velocity with which. 
Sound is propagated, is (hy the help of a fliort Pendulum) to 
cCdmate the Time which paffes between feeing the Fire of a Gun 
at a Piftance, and hearing the Report. Its great Velocity makes 
it difficult to be determined exadly ; accordingly Authors differ 
irinch in their Accounts. The moft accurate Obfcrvers Dr. 
Halk^ and Dr. Durham have found it to be about one Thou« 
iand one Hundred and Forty two Feet, which is ahnoft a Quarter 
of a Mile in a Setrond. 

The ufual Experiments to prove that the Air is neceflary for 
the Propagation of Sound, are fuch as the(e. A fmall Bell be- 
ing put into the Receiver of the Air-Pump may be heard at a 
coniiderable Dillance before the Air is ezhauiled out of it, but 
when the Air is much rarified by exhaufting, can fcarcely be 
heard at all. When the Air is condenfed, the Sound is aug« 
meuted in Proportion to the Condcn(ation. Theft Experiments 
do not only fucceed in forced RareBi^ions and Condenfations, . 
bat in fuch aHb as are Natural ; Sound being obferved to be much 
weaker on the Tops of high Mountains, where the Air is lefs ' 
condenfed by the Weight of the incumbent Atmofphere, than in 
tte Valieysbciowl 
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fo caufc new Vibrations the contrary Way ; 
now if the Objefts are fo Htuatecl, as to rc- 
flcd a fufficicnt Number of Vibrations back 
(viz». fucU as proceed different Ways) to the 
fame Place, the Sound will be there repeated, 
and is called an Echo"^. And the greater the 
Didance of the Objefts is, the longer will be 
the Time, before the Repetition is heard. 
Therefore when the Sound in its Progrcft 
meets with Objeds at different Diflances fuf- 
ficietit to produce an Echo, the Sound will 
be repeated feveral Times fucceflively, accord* 
ing to the different Diftances of thofe Objeds 
from the founding Body ; and this makes wha( 
i$ called a refected Echo, 

If the Vibrations of the tremulous Body 
are propagated through a long Tube, they will 
be continually reverberated from the Sides of 
the Tube into its Axis, and by that means 
prevented from fpreading, till they get out of 
it; whereby they will be exceedingly in* 
creiafed, and the Sound rendered much loud? 
cr than it would otherwife be f. 

• In Wood/lock Park in OxfirJfinn^ there is an Echo which 
repeats diftindly feventccn Syllables, by Day and twenty by 
Night The Reafon >vhy it repeats inone Syllables by Night 
than by Day, is bccaufe the Air being colder at that Time, is 
more denfe ; and therefore the Return of the Vibrations is flower, 
which gives Time for the Repetition of more Syllables. See Plot\ 
Natoral Jiiftory oi Oxfirdfiire. 

'\ This is the Cafe in the Stentoraphonie Txjht or ^ipcikxng 
' Trumpet. 
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T H B Diflfcrc'ncc of Mufitd Tones depends 
on the difTerent Number of Vibrations com- 
municated to the Air in a given Time by the 
Tremors of the founding Body; and the 
quicl^er the Succeffion of the Vibrations is, 
the acuter is the Tone, and e cmtra. 

A mufical Chord performs all iu^ Vibrations, 
xirherber great or Imall in the fame Time. 
For if a String is ftretched between two Pins, 
and a Force is applied to the middle Pointt 
tp draw it out of its rectilineal Situation $ it 
is found by Experiment^ that the Diftance (if 
it be fmall) to which it is drawn, is as ^he 
Force applied; confequently the Velocity, 
with which it returns when left to.it felf* will 
be as the Space it has to move over ; it will 
therefore perform all its Vibrations in the fame 
Time : this is the Reafon» why the fame Chord 

Trumpet. See Kircber de Re Mufica. Lib, 9. Par. 4. Od§ 
Pkilof. Natur Princip p. 293. 

Upon this Principle it is, that Sound is conveyed from ono 
Side of a Whifpering Gallery to the oppolite one, without bet- 
ing perceived by thofe who ftand in the Middle. The Form of 
a Whifpering Gallery is that of a Segment of a Sphere, or the 
like arched Figure ; and the Progrefs of the Sound through it may 
be illuflrated in the following Manner. 

LctjiBC (Fig. 14./ reprefent the Segment of a Sphere, 
and fuppofe a low Voice uttered at Z), the Vibrations expand- 
ing thcmfelves every Way, fome will impinge upon the Points 
Ef Et &c, from thence be rcflcdled to the Points /*, from thence 
to G, and fo on, till they all meet in C, and by their Union 
there caufe a much ftronger Sound, than in any other Part of 
thjs Segment whatever, cyc;i at D the PoiHj from whence 
fhcy came. 

howcvec 



1 



54 Of Sound Part 11. 

^"iiowcvcr ftruck produces th€ fame Note. It 
is alfo found by Experiment, that when Strings 
of equal Diameterst but d liferent Lengths, 
are equally ft retched, the longer they are, fo 
much the lefs Weights will draw them from 
their rcdilineal SituatioA to the fameDiftances 
ttiC Forces therefore by which they return 
are le/s, and tlic Times of their VilMrations 
Ipnger. 

When two Chords perform their Vibra* 
tion$ in equal TimcSi the Tone produced \% 
called an Unifm. If one performs two, while 
tlie other anc,- 'tis an Oii^ive^ If one three, 
while the other twos 'tis a Tifih. If one 
t\xvMj while the other fours '^^^ called a 
Fmrfh &c. 

To make an Unifon Sound, it is not rie- 
ceflfary, that the Vibrations of the two Strings 
fhould aftually concur, but only that they 
ffiould be performed in equal Times 5 fo that 
they would always concur, if they began at 
the fame Inftant* For the E^ir perceives not 
the Tingle Vibrations diftindly, but only finds 
that Difference which proceeds from the In- 
tervals of Time, that pafs between them *. 

♦ upon thcfe Principles wc may account for that remarkable 
Phaenomenon in Mkfic, that an intenfe Sound being raifed, either 
with the Voice or a fonorous Body, another fonorous Body near 
it and in Unifon with it, will thereby be made to found. For the 
Vibrations of the Air, which correfpond to the Tremors of , 
the firll founding Body, agreeing exadly in Foint of Timewith 
thofc which arc capable of being given to the other Body at 

\ ' Unifon 
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Unifon with it $ when they have by thefr firft I'mpulfe com- 
municated a (mall Degree of Motion to it, will, by confpiring 
With it as it moves forwards and backwards continually increjfe 
its Motion, till it becomes fenfible. The contrary happens in 
Strings wWch are in Difcord with each other ; for in this Cafe, 
thou^ the firft Vibration of one may give Motion to the other, 
yet their Vibrations not being pcrlbrmed in equal Times th6 
fecond will come unfeajonahly^ u e. when the other is moving 
the contrary Way, and obftru£l its Motion. It is fiirther ob- 
fervable that in two Strings, one of which vibrates twice, while 
the other once ; if the fiiB. be founded, the two extreams of the 
other will each found an Unifon with it, while the middle 
Point remains at Reft. So if one vibrates thrice, while the other 
once, the laft will be divided into three Parts, each of which 
will found an Unifon with it, and the two Points between thofe 
Parts will remain at Reft. For otherwife that which vibrates 
fwice, while the other once, rouft neceflarily interfere with it at 
every fecond Vibration ; and that which vibrates, thrice while 
the other once, would interfere with it at every third ) fo that 
it would not be put into a fufEcient Motion to produce a Sound. 
But when it is divided by the quicfcent Points, it becomes fo 
many Strings at Unifon with the former, each of which eafily 
receives its Vibrations from thence.. 

From hence likewife it is, that if we take two or three Drink- 
ing Glalfes and put fome Water or other Fluid into each of 
them and place them near to each other, taking Care to fill 
them, to fuch Heights, that (when ftruck) their 'f ones fhall be in 
Unifon ; and then if we Aide the Finger along the Brim of one 
of the Glaifes preffing pretty ftrongly upon it, (which will caufe 
it to found) we fhall fee the Surface of the Fluids in the other 
Glaffes begin to tremble ; which fhews that the Vibrations of 
the firft Glafs caufe the like in the other at Unifon with it, though 
not perhaps in a Degree fufficient to produce a Sound ftrong e- 
nough to be heard diftindlly from the tormen 

Thus it is that fome Perfons are able to break a Drinking Glafs 
by a Tone of their Voice at Unifon with it. They firft try the 
Tone of the Glafs by ftriking it, then applying their Mouth 
near to the Brim of it, found the fame Note with their Voice ; 
this fets the Glafs a trembling ; they then continually raife their 
Voice, founding ftill the fame Note ; this encreafes the Tremors 
of the Glafs, which by that Means (if it is not too ftrong) is 
broke in Pcices. 

The Effccl of Mujic upon Perfons bit with the Tarantula, (if 
the Accc aiils vrr have of it from abroad ni%y be credited) is very 

furprifing. 
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furprUing. A Peifon bit with the faroHtmU liter fotne Time 

lofcj boih Senfe »nd Motion, and dies if dcftitute of Help. The 
moft efTeOual Remedy u Mufie. The Muficiu trie* Variety of 
Ain, till he biu upon one that tSc&t the Patient, whouEon that 
begins to move by Degrees, and keeps Time with his Pingen« 
Arms and Legs, afterwards with his whole Body : he then 
nifes himfelf up, begins to dance, and increafes in Aaivit^ 
every Moment j till after five or fix Hours, being very n-uch fa- 
tigued, he is put to Bed to recover Strength. The neit Day the 
lame Air brings him out of Bed far a new Dance. Which £x- 
crcife being thus continued, the Diilemper is abated in the Space 
of four or five Days, the Effcds of the Bite being in fomc 
Meafure carried off" by Sweat, and the Patient begins then to tc 
cover his Senfe and Knowledge by little and little. 

The Rcafon why the Patient is thus aiFcftcd by the Mufic, is 
becaufe the Nerves of his Body are fo difpofed in thai DiUtm- 
per, u cafily to be agitated by the Vibrations which are occ4- 
lioned by the principle and flronger Notes of what is played. 

See on the Subjeft of this Diffcrtition, Philofoph. Tranlia. 
N". 134. 143. J02. 313 319, 337. Hift. de I' Acad. 1701.- 
1708, Grim'* Cofmolog. Sacr. Book I. Chap^ 5. Miad upon 
Poiforn p. 59. KiiPs Anatomy p. 214. 
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DISSERTATION II., 

Of Capillary Tubes. 

BY a CapilUry Tir^^ is generally underftood 
a Glafs Pipe, the Diameter of whofe Bore 
is at moft but about one tenth of an Inch % 
though any Tube whofe Cavity does not ex- 
ceed that Magnitude^ may be fo called* 

The Phasnomena of Capillary Tubes be- 
ing fuch as contradid a known Law in Hydro- 
fiaticSy viz. thi^t a Fluid rife 5 in a Tube to the 
ffime Height with the Level of its Source * 5 and 
likewifc of Affinity with the Afcetlt of the 
Sap througli the Steftis of Plants for the 
Nourifhment of their Fruit, and with divers o* 
ther Operations of Nature : it has been thought 
Of no fmall Moment in Phiiofophy to find 
out and eftablifh their true Caufe i which af- 
ter numerous Experiments and feveral Con- 
jedures about it, is found to be no other than 
the Attraftion of Cohefidn, by which fmall 
Particles of Matter mutually run together and 
form larger Bodies f. I (hall lay down the fc- 

* See Chap. I. $. 9. Cafe 4. in the Notes- 

•f See HauksBee*s and Powerh Experiments. Mujfchenhroetk 
^, Edit. Philofoph. Tranfaft. N''. 355. Mem. de P Acad. 
1709, 1714, 1721, 17^' Wichothcsr^ refcr'd to in Quaeftiones 
Pliilofoph. 
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veral Phxnomena, as fo many Matters of Fad^ 
and fubjoin to each a Solution from that 
Caufe. In order to which, it may not be 
improper to premifc the following Confidcra- 
tion by way of Lemma. 

Let us (uppolc the Veflcl ABCD (Tig. 
15 J filled with a Fluid to the Height LM, 
and let it be conceived as divided mto the c- 
qual Portions EFGH, GHIK, IKLM, &c. 
farther, let it be luppofed, that each Par- 
ticle of Matter in the inner Surface of the 
Veflel, has a Sphere of Attraction, whofe 
Semidiametcr is equal to the Thicknefs of 
three of thofe Portions 5 that is to fay, that 
the Attradion of the Particle M reaches up- 
wards as far as F, and downwards as far as S f 
and that of the Particle O upwards as far as 
H and downwards as far as U 5 and fo of all 
the reft quite round the Tube. From hence 
it will follow that every Particle of the inner 
Surface of the Veflcl, which lies between EF 
and RS confpires in endeavouring to raife the 
Fluid towards AB the Top of the Veflcl, and 
that the Fluid is not afFcded by any other : for 
Inftance, the Particle S, and all below it, will at- 
traddownwards three Strata of the Fluid (fuch 
as arc contained in three equal Diviftons of the 
Veflcl) from above, and as many upwards 
from below, and therefore will have no EfFed 
at all in raifing or dcprefling the Fluid: But 
the Particle (^ will attrad only two Strata 

down* 
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downwards, becaufe there arc no more above 
it, and three upwards, and therefore will in 
fome Meafure tend to raifc the Fluid; fothe 
Particle O will attraft but one downwards 
and three upwards, the Particle M, none down- 
Wards, and three upwards 5 the Particle K two 
upwards, and Honly one : all which may clearly 
be feen by their Situations in the Figure with 
Refped to the Surface of the Fluid. There*- 
fore in every Veflcl, where there is a mutual 
Attraction between the Fluid it contains and 
the Particles oi which it is compofed, there 
will be a certain Number of Particles difpofed 
around it in Form of a broad Periphery or 
Zone as reprefented by AB Fig. 16, half of 
which lies above the Surface of the Fluid and 
half below it, that will tend to make it rife to- 
wards the Top^. This being undcrftood, the 
following Phaenomena will not be difficultp 

* I have been the more particular in explaining this Lem* 
fnaj bccauTe it is not a bare Periphery of no Breadth, to 
which the Afcent of the Fluid is owing, but a Zone or Cingulum 
of Particles diftended equally in Breadth both ways from tlic 
Surface of the Fluid ; and becaufe it is upon the Breadth of this, 
that fome of the following Solutions depend. As to jhc 
Thicknels of it, that undoubtedly is equal to the Semidiamcter 
s of the Sphere of Attradrion iii the Particles of the Veffel ; and 
therefore VeiTels whofe Sides are of different Thickneffes (provided 
thofe Thickneffes be Icfs than that Semidiameter) muft have diffe- 
rent Effefts upon the fame Fluid, though no One has as yet been 
fo accurate as to obfcrve it. The Reafoh why a Fluid will not 
rife in a laifgc Vcffel, as well as in one that is Capillary, is be- 
caufe the Attra^ion of its Particles does not reach far enough into 
the Middle of the .Vofleii and therefore it only rifes* about 

H z the 
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I. Let there be two Capillary Tubes AB 
and CD (fig^ 17.) open at both Ends, ^xd 
having their lower Orifices A and C tm- 
incrgcd below the Surface of the Water con- 
tained in the Veffel FGHI: the Water will 
immediately rife up in each Tube above the 
Surface of rhat in the Veflcl, beginning with 
a fwift Motion, which will gradually decreafe^ 
till as much Water has entered the Tubes, as 
they arc able to raifc : . and the Heights to 
which the Water will rife in them^ will be 
■ reciprocally as their Diameters. 

That the Water ought to rife in both 
Tubes is an immediate Confequencc of the 
foregoing Ztfw^w;! 5 becaufe the Column of Wa- 
ter within the Tube is rendered lighter than 
an equal Column on the outfidct as being at- 
traded upwards by a Portion of the interior 
Surface of the Veflel 5 and therefore will rife 
till it becomes as much longer than the exterr. 
pal ones as it is made lighter, that the JEqui- 
iihrium "which was deftroyed by the Attradion 
of the Tube, may be reftored by the Weight of 
the Column. The Reafon that the Velocity with 
which it rifes, ought conftantly to decreafc, 
is becaufe the heavier the Column is, the lefs 
is the Effeft of the Attraftioni which is always 
the fame in a Tube of the fame Diameter, 

. the SideS) landing higher there than in the middle : as may be 
fcen in a Drinking Glafs, when a C^atttity q( Water U put into 
it, fpioewl^t iei| thjin i$ faffioient toAU it. 

And 
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Aod the Heights to which the Water rifes ki 
thein^ will be reciprocally as their Diameters ^< 
for then the Quantities railed will be diredly 
as the Diameters^; but the Peripheries that 
raife them, (being always of the fame Breadth 
and having their Lengths equal to the Circum* 
fereaces of the Tubes.) are as thole Diameters $ 
the Quantities of Water therefore bciog in the 
fame Ratio, are as the Peripheries, i.e. as the 
Caufcs by which they are railed. 
i- II. If the Tubes before they areimmerged 

in the Water, are filled to greater Heights, 
than thofe to which it would naturally rile in 
them, and then have their lower Ontices im« 
merged in Water, the Water will fubfide till 
it ftands in each at the fame Height to which 
it would have rifcn ; but if they are held in 
a perpendicular Pofition without being im- 
merged, the Water will not fubfide in the 
Tubes ciuite (o far. 

The Reafon why the Water in the Tube 
V^hen its lower Orifice is immerged, fubfidcs 
to the fame Height it would have rifcn to, had 

* The Heights to which the Water rifes, being in a recipro- 
cal Ratio of the Diameters ; and the Contents of Cylindrical 
Tubes being in a dired Ratio of their Heights, and of the 
Squares of their Diameters ; the Quantities of Water raifed in 
(his Cafe will be in a reciprocal Ratio of the Diameters, nnd 
a direft one of the Squares of the fame. Now thefe tiv6 
J^tio^s being compounded together, give the diiedl one ol 
the Diameters thcmfelves ; bccaufe the fimple reciprocal Ra- 
tio deftroys one of thofe, vvhi^h -arc contaiacd in the dircfb 
pnfi of the S^i^re&i 

the 
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fhc Tube been immerged when empty, is 
bccau£b the Column is fufpended in one Cafe 
by the fame Caufe, by which it is raifed ia 
the other; but when the Tube full of Water 
is held eredr, wirhout being immerged, it will 
not fubfidc quite fo far, becaufe the lowec 
End of the Tube which the Water leaves be- 
hind it as it drops out* attrads it the con- 
trary Way; fo that the Column in this Cafe 
)s fufpended not only by the inner Surface of 
•che Tube at the Top, but alfo by its lower 
End; and therefore a greater Quantity of 
^Water i^ fufpended than in the former Cafet 

1:1. Ira Tube having its lower Orifice im- 
xncrgcd in Water, be held obliquely, it will 
xaife the Water to the fame perpendicular 
Hpighty as when held ered. 

For fince Fluids prefs according to their 
perpendicular Heights, the Weight of the Co- 
lumn raifed will not be proportionable to the 
attraftive Force of the Tube, till it 4ias arrived 
at the fame perpendicular Height, to which it 
would have rofe, if held ered. 

JV. If a Tube, when the Water is rifen 
into it to its wonted Height, is laid in an 
Horizontal Situation, the Water will move 
towards the Middle of the Tube, leaving the 
End which was immerfed a little behino. 

The Solution of this Phaenomenon de- 
pends on what was obfcrved in the Lemma 
about the Breadth of the attrading Peripliery, 

and 
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and its being equally iittlated on each Side 
the Surface of the Waters for from thence 
it follows, that if the Water fhould not run 
from the full End of the Tube, after it is 
laid in an Horizontal Situation, but remain 
contiguous to it, that End of the Column of 
Water would be attradlcd only by fuch a Por- 
tion of a Periphery as lies within the Surface 
at that End $ becaufe the End of the Tube co« 
inciding with the Surface, the other Half of 
the Periphery is wanting. Whereas at the other 
End of the Column there is a Periphery whofc 
Breadth is intire, which overpowering the o- 
ther, caufes the Water to move towards the 
Middle of the Tube, till the Breadth of the 
Periphery at each End of the Tube is the fame, 
after which the Water being attracted equally- 
each way, remains at Reft. 

V. Let there be a Tube {Tig. i8j con- 
lifting of two Parts DR and RCK,of diffe- 
rent Diameters, it follows from what has been 
faid, that DR the fmaller Part of the Tube 
is able to raife Water higher than the other : 
let then the Height to which the larger would 
raife it be TF, and that to which it would 
rife in the lefTcr (was it continued down to 
the Surface of the Fluid) be XL. If this com- 
pound Tube be filled with Water and the 
larger Orifice CK be immerfed in the fame 
Fluid, the Surface of the Water|will fink no 
farther than XL> the Height to which the 

Jcflcr 
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klTcr Part of the Tube would have raifed 
it* 

But if the Tube be inverted as in Fig. 19* 
and the I'maller Orifice XL be immerfed, the 
Water will run out till the Surface falls to TF^ 
the Height to which the larger Part of the 
Tube would have raifed it. The Size of the 
lower Part making no Alteration in the 
Height, at which the Fluid is fuipendcd in 
cither Cafe. 

In order to account for thcfc Phxnomena^ 
it muft be conHdcredt that when a Body is 
lb difpoled, that its different Parts ihall move 
with different Degrees of Velocity, the great- 
er Proportion the Velocity of that Part to 
which a. moving Power is applied, bears to 
that of the reft, fo much the more effedual 
is the Power in moving that Body ; or that 
the fame Power applied to different Parts, will 
be equivalent in Effcft to different Powers 
applied to the fame Part : as is the known 
Cafe of the Lever^ and all the other Mechani- 
cal Powers. 

Now let us conceive the Tube DR (Fig* 
18 J continued down to HI« and let it be 
fuppofcd at prefcnt that the Fluids contained 
in the Tube XLHl and the compound one 
XLKC, arc not fufpended by the Periphery 
at L, but that they prefs upon their rclpeftivc 
Bafes HI and CK. Let it farther be fuppofcd, 
that thcfc Bafes are each of them moveable, 

and 
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and that they arc raifed up or let down with e- 
qual Velocities; then will the Velocity with 
which XL the uppermoft Stratum of the Fluid 
XL CK moves, exceed that of the fame Stratun t 
confidered as the uppcrmoft of the Fluid in the 
Tube XL HI, as much as the Tube RCK 
is wider than DR (by the Lemmz Chap, i. 
§. p.) that is, as much as the Space M N K C 
exceeds XLIH 5 confequently by the foregoing 
Obfervation, the EflFcd of the attracting Pe- 
riphery XL, as it ads upon the Fluid con- 
tained in the Veflel XLCK, exceeds itsEffcd, 
as it ads upon that in XLHI, in the fame 
Proportion. Since therefore it is able (e^c 
Hypoth.) to fuftain the Weight of the Fluid 
XLHI by its natural Power, it is able under 
this Mechanical Advantage, to fuftain the 
Weight of as much, as would fill the Space 
MNKC : but the Preflure of the Fluid XLCK 
is equal to that Weight, as having the fame 
Bafe and an equal Height (Chap., i. §.9.) its 
Preflure therefore, or the Tendency it has to 
defcend in the Tube, is equivalent to the 
Power of the attrading Periphery XL, for 
which Reafon it ought to be fufpcnded by in 1 

Again the Height (Tig, 19J at which 
the attrading Periphery in the larger Part of 
the Tube is able to fuftain the Fluid is no 
greater than N F, that to which it would have 
raifed it, had the Tube been continued down j 

to MN. For here the Power of the at- 
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trading Periphery a£ts under a like Mechanical 
Diladvantage 5 and is thereby diminifiicd in 
Proportion to the Capacity of the Tube T F N M 
to that of HIXL5 becaufe if the Bafes of 
thefe Tubes are fuppofed to be moved with 
equal Velocities, the Rife or Fall of the Sur- 
face of the Fluid TFXL would be fo much 
lefs than that of TFMN. And whereas 
the attrading Periphery TF is able by its na* 
tural Power to fufpcnd the Fluid only to the 
Height NF in the Tube TFMN 5 it is in this 
Cafe able to fuftain no greater Preflure than 
what is equal to the Weight of the Fluid in 
the Space HIXL: but the Preflure of the 
Fluid TFXL which has equal Height and the 
fame Bafe with it, is equal to that Weight 5 
and therefore is a juft Mquipondium to the at- 
tracting Power. 

VL From hence we may clearly fee the 
Reafon, why a fmall Quantity of Water put in- 
to a Capillary Tube, which Is of a Conical 
Form and laid in an Horizontal Situation^ 
will run towards the narrower End. For let 
AB (Fig. 20.) be the Tube, CD a Column 
of Water contained within it 5 when, the Fluid 
moves, the Velocity of the End D will be to 
that of the End C reciprocally as the Cavity 
of the Tube at D, to that at C (by the Lew-' 
ma Chap. i. § 9.) that is, recijJrocally as the 
Square of the Diameter at D, to the Square 

of 
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of the Diameter at C * 5 but the attracting Pe^- 
xiphery at D is to that at C, in the fimplc Ra- 
tio of the Diameter at D, to the Diameter at 
C. Now fince the EfFeft of the Attraftioix 
depends as much upon the Velocity of that 
Part of the Fluid where it adS, as upon its 
natural Force, its ElfFedt at D will be greater 
than at C ; for though the Attradion at D 
be really lefs in its felf than at C, yet its Lofs 
of Force upon that Account, is more than 
compenfated by the greater Velocity of the 
Fluid in that Parts the Fluid will therefore 
move towards B. 

VII. From hence likewifc it follows, that 
if a Veflel as ABC (reprefented Tig^ zi) of 
any Form whatever, have its upper Part drawn 
out into a Capillary Tube as B ; and if this 
Veffel is filled with Water, and have its lower 
Orifice placed on F G the Surface of the fame 
Fluid 5 then the Water will remain fufpended in 
the Veflel, provided the Capillary at the Top 
be fmall enough, (was it continued down to 
the Bottom) to raife the Fluid to the Height 
B. Becaufe by the foregoing Propofition the 
lower Part of the Tube makes no Alterationi 
in the Height at which the Capillary B is able 
to fuftain the Fluid. 

VIII. And if the fame Veflel be filled only 
to the Height DE (Tig. zz,) and a Drop of 

• 12. EI, 2. 
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Water be put into the Capillary at B, (the in- 
termediate Part BDE being full of Air) the 
Water will continue fufpended at the Height 
DE. 

For although the Fluid ACDE is not in 
Contad with the Drop of Water in the Ca- 
pillary Tube, and therefore not immediately 
fupported by it, yet the Preflurc of the Atmo- 
fphcrc upon the Surface FG, and againft the 
upper Part of the Drop in the Capillary B 
keeps the Fluid A DEC, and the Drop and the 
intermediate Air from feparating. juft as in 
the former Cafe the Attradion of Cohefion 
in the Particles of the Water prevented a 
Separation between that in the Veflcl and 
that in the Capillary, Confequently as the 
Water in the Capillary was able in the former 
Cafe to fuftain as much Fluid as the VeflTel 
could contain, it is now fufficient to fuftain 
the Fluid A DEC* 

IX. Let there be a Capillary Siphon, as 
that reprefented Tig. 23, 24 or 25. and let EF 
be the Height, to which Water might be raifed 
by a Periphery equal to that at A Now fince, (as 

• This happens quite otherwife in Vacuo, becaufe the Pref- 
fure of the Air, which as it were connefts the Drop with the 
Water ADEC^ being wanting, it immediately fells for Want 
of a Support. Whereasjthe former Phaenomenon equally fucceeds 
in Vacuo j which fhews that the Parts of the Fluid in the Vefjel 
are con nested with each other, and with that in the Capillary 
by their own mutual Attradion of Cohefion, there being 
nothing clfc whereby they can be fupported. 

was 
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was obfervecl§. 2.) the lowerEnd of aTube whea 
it is not immergcd, caufes a longer Column 
to be fufpended than otherwiie would be; 
that is, it lupports a fhort Column beHdes 
that which is fuftained by the atracting Peri- 
phery 5 let HI be the .Height of fuch a Co- 
lumn as might be fufpended by the End C : 
then if any of thofe Tubes are filled with. 
Water, and held as in the Figure (neither End 
being immerged) the Fluid will run out of 
the Tube at C, if C D the Difference of the 
Legs exceeds EF and HI added together, 
otherwife not. 

For the Column AB is a Countcrpoifc 
to B D, being of the fame perpendicular Heiglit ; 
and therefore it is only the Weight of the 
Column CD which determines the Fluid to 
move; unlefs that Weight therefore exceeds 
the Force of the attrafting Periphery at A 
(which the Fluid AB muft leave in rifing up 
the Tube) and alfo what may be fupported 
by the End C, that is, {ex Hypoth.) two Co- 
lumns whofe Heights are EF and HI, it can- 
not run out at Q ; otherwife it will, as be- 
ing dcftitute of a fufficient Support. 

X. 1 F the End A is immerged in Water (fup- 
pofing the Tube full as before), it will run 
our, though CD the Difference of the Legs, 
only exceeds H I. For then the Attraftion at 
A ccafes, and there is nothing to fupport the 

Column 
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Column C D, but the Power the End C has 
to prevent Drops from falling off it. 

XI. Again if the End C is immerged in 
Water, (and the other not) it will run out ac 

A, if C D exceeds E F, otherwife not, 
For in this Cafe, there is nothing to fup- 

port the Column CD, but the attrading Pe- 
riphery at A, whofe Power is fuppofed able 
|o raife a Column as E F, and no more. 

XIL And if both Ends are immerfed (the 
Tube being fuppofed full as before) the Wa-^ 
ter will run out at the lower, which ever it is. 
for then the Attradion of both Ends ceafes \ 
and the longer Column over- balancing the 
(horter, the Fluid is determined thereby to run 
put at the lower End. 

XIII. If either of the Tubes {Tig. 23 or 24J 
are fmall enough to raife the Water from A to 

B, and if the Orifice A is immerged, the Fluid 
will rife to B, pafling on to C, where it will 
run out or be fufpended according to the fore- 
going Cafes : but if the Periphery at G (tig. 
?5J is fuch as would not fupport the Fluid 
higher than A M, it will flop, when it comes 
at G, and only the Part ABG will be filled 
with it. 

For that Fluid which has pafled B adifts 
by its Weight the attra^ing Periphery in rai- 
fingthe Column A B, and therefore runs down 
to C. But if when it comes to G, the Peri- 
phery there is nor able to fupport mpre than 

AM 
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A M the Difference of the Legs A B and B Gt 
the Fluid muft neceffarily flop there $ fmce B G 
is no more than a Counterpoife to M B^ and 
A M is fuppofed to be as much as the Periphe- 
ry at G can fuftain. 

XIV. Tho' a Capillary Tube be fliorter than 
the Height to which its attrafting Periphery is 
able to raifc a Fluid, v.g. tho' the Tube AB 
(Fig. 26.) be fmall enough (was it of fufficient 
Length) to raife Water as high as C 5 yet when 
the End A is immerged the Fluid will not run 
out at B, but only be fufpended at that 
Height. 

For when the Fluid is rifen as high as B, 
it has then no more Periphery to attrad it any 
farther 5 and if it was forced up a little higher, 
it would be attraded back again by the 
End*. 

XV. The Afcent of different Fluids in the 
fame Tube is various. Mujfchenhroek has found 
that in a Tube in which Water will rife to 
the Height of twenty fix Lines, Oyl of Worm- 
wood will rife but eighteen or nineteen^ 
whereas Urine will rife thirty three or thirty 
four. The Reafon of which is becaufe fome 

* Hence we fee the Abfurdity of fuppofing tliat a Fluid may- 
be made continually to flow from a lower Place to an higher by 
a Capillary Tube as fuch ; for whether the Tube be of fuch 
Form, as is reprefented Fig. 23, 24, 25, or 26. the Fluid will 
always ftop when it comes at the higher End; becaufe the 
Attradlion is then in a Direftion contrary to its MQtion, and 
the Weight of the Fluid contained inDC the Difference of the 
LGg4 n Ukewife an Impediment to it^r 

Fluids 
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Fluids arc atrraftcd more flrongly by Glafii 
ihaii others arc. Mercury exiiibits Phenome- 
na jiift the Reverfc of the former ; for the 
Hcit;ht it riles lo in a Capillary Tube is Icis 
than that of the Level. This is becaufe the 
Panicles of Mercury attrad each other more 
forcibly than they arc attrsded by thofe of 
Glafsf. 

+ See 7u«Vs Diflert. Philofoph. Tranf. N^ 363. 

According to Mujchcabrcect the Length of the upper Part of 
a Tube, wliich is above tlio Height to which it is able to raife 
3 Fluid, conduces foiiiething lowardi the Raifing it i and there- 
fore in a longer Tube a Fluid rifcs higher thsn iu one of the fame 
]>imenlir>ns that is (horten and thai if a Tube, with fo much 
Fluid contained in it, as it is able to raii'e, be laid in an Hori- 
zontal Situation, the Fluid will run to the Middle of it. But 
of this I have had no Experience : 'tis polfible that ingenious Pro 
feflbr though very aanirate in making Experiments, migkt here- 
in be deceived. He acknowledges {Experiment the fifteenth,) 
that it fomclimcs happens othcriiife. 

Ofher Authors befidei thofe already referred to, that have 
treated on this Sabjed, ate Boylr Exper- Phyf Mech Exp. 9. 
Slurmiui CoUeg Cur, Tentam. 8. Bernoulli Gravit. JEth. 
.Hooiir Microgr. Obferv. 6. L««iuniAMiConiinuac. Arcaa Nat. 
Epift. 131. Simlaire Art. Gravit. 
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DISSERTATION III. 

Of the Origin of Fountains. 



MANY have been the Conjcdurcs of 
Philofophcrs concerning the Origin of 
fountains 5 and great Pains have been taken 
both by the Members of the Royal Society, 
and thofe of the Academy of Sciences nParis, 
in order to afcertain the true Caufe of it. It 
was Arijfotl^s Opinion, and held by moft of 
the ancient Philofophcrs after him, that the 
Air contained in the Caverns of the Earth, 
being condenfed by Cold near its Surface, was 
thereby changed into Water 5 and that it made 
its Way through, where it could find a Paf- 
fage. But we have no Experience of any fuch 
Tranfmuration of Air into Water. 

Those who imagin, that Fountains owe 
their Origin to Waters brought from the Sea 
by fubterraneous Dufts, give a tolerable Ac- 
count, how they lofe their Saltnefs by Perco- 
lation as they pafs through the Earth 5 but they 
find great Dlfiiculty in explaining by what 
Power the Water ri fes above the Level of the 
Sea, near to the Tops of Mountains, where 
Springs, generally abound 5 it being contrary 

K to 
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to the Laws of l^^ofiatics, that a Fluid (hould 
rife in a Tube above the Level of its Source. 
However they have found twtfWays, where- 
by they endeavour to extricate themielves from 
this Difficulty. The one is that oi Ves Cartes, 
who imagines that after the Water \i become 
frefh by Petcolation, it is raifcd out of the 
Caverns of the Earth in Vapour to^t^ards its 
Surface ; where meeting whh Rocks near the 
Tops of Mountains in the Form of. Arctics or 
Vaults, it fticksto them, and runs down their 
Sides, (like Water in an Alembic) till it 
meets with proper Receptacles, iffprii which 
it fupplics the Fountains. Now>, this is a 
mere Hypothejis without Foundation or Pro- 
bability; for in the firft Place, w,c know of 
no infernal Heat of the Earth to caiife fuch 
an Evaporation ; or if that were allowed, yet 
'tis quite incredible, that there (hould be any 
Caverns fo fmooth, and void of Protube- 
rances, as to aniwer the Ends of an Alembic, 
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to a Cavity at its upper End, or grows larger 
and larger,, fo as to ccafe to be Capillary at 
that End 5 the Water will not afccnd through 
that Tube into the Cavity, or beyond where 
the Tube is Capillary ; bccaufc there the Force 
of Atf radion is exerted the contrary Way ; 
Nay^ if the Cavity is continually fupplied with 
Water, it will be attraded into the Capillary 
Tube, and run down ir» as through a FunneU 
if the lower End is immerged in the fame 
Fluid, as in this Cafe it is fuppofed to be *. 

It has been a generally received Opinioiu 
and much efpoufed by Muniotte (a diligent Ob- 
ferver of Nature,) that the Rife of Springs is 
owing to the Rains and melted Snow. Ac-- 
cording to him, the Rain Water which falls 
upon the Hills and Mountains, ptnetrating 
the Surface, meets with Clay or Rocks con- 
tiguous to each other, along which it runs, 
without being able to penetrate them, till be- 
ing got to the Bottom of the Mountain, or 
to a confidcrable Diftancc from the Top, it 
breaks out oF the Ground and forms Springs. 
In order to examine this Opinion, Mr. 
Perrault, De U Hire and D. Sideleau endeavour- 
ed to make an Eftimate of the Quantity of 
Rain and Snow, that falls in the Space of a 
Ycir, to fde whether it would be fufficient ta 
afford a Quantity of Water, equal to that 

• See the latter Part of the foregoing DiiTcrta^on, 
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which is annually difdiargcd into the Sea by 
the Rivers. The Refulc of wiiofe Inquiries 
was, that the Quantity of Rain and Snow 
which fell in a Year into a Cylindrical Vcflcl, 
would fill it (if (ccurcd from evaporating) to 
the Height of about nineteen Inches. Which 
Quantity D. Sideleau * (hewcds was not fuffi- 
cient to lupply the Rivers 5 for that thofc of 
EngUnd^ Ireland and Spain difcharge a greater 
Quantity of Water annually, than the Rain, 
according to that Experiment, is able to fup- 
ply. Befidcs which, another Obfervation was 
made by them at the fame Time, viz. that 
the Quantity of Water raifed in Vapour one 
Year with another, amounted to about Thirty 
two Inches, which is thirteen more than falls 
in Rain : a plain Indication, that the Water 
of Fountains is not fupplied by Rains and meitf 
cd Snow. 

Thus, the true Caufe of the Origin of 
Pountains remained undifcovered, till Dr. Hal- 
ley in making his Celefliai Obfervations upon 
the Tops of the Mountains at St. Helena^ about 
eight Hundred Yards above the Level of the 
Sea, found that the Quantity of Vapour which 
fell there (even when the Sky was clear) was 
fo gtiCat that it very much impeded his Ob- 
fervations, by covering his Glaflcs with Water 
every half Quarter of an Hour 5 and upon that 

* Memoirs of the Royal Academy of Sciences for the Year 

attcmpte4 
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r 

attempted to determine by Experiment the 
Qtiantity of Vapour, exhaled from the Surface 
of the Sea, as far as it arifes from Heat 5 in 
order to try, whether that might be a fuffi* 
cient Supply for the Water continually dif- 
charged by Fountains. The Procefs of his 
Experiment was as follows. Ketook a VelTcl 
of Water faked to the fame Degree with that 
of Sea Water, in which he placed a Thermo- 
meter, and by means of a Pan of Coals, 
brought the Water to the fame Degree of 
Heat, which is obferved to be that of the Air 
in our hotteft Summer : This done, he affix- 
cd the Veflfel of Water with the Thermome- 
ter in it, to one End of a Pair of Scales, and 
cxaftly counterpoifed it with Weights on the 
other. Then at the End of two Hours he 
found by tlie Alteration made in the Weight 
of theVcflcl, that about a 6o/^Part of an Inch 
of the Depth of the Water, was gone off ia 
Vapour; and ' therefore in twelve Hours, one 
tenth of an Inch would have gone off. 
Now this accurate Obfervcr allows the Me- 
diterranean Sea to be 40 Degrees long and 
4 broad (the broader Parts compenfating for 
the narrower) fo that its whole Surface is 
160 fquarc Degrees, which according to the 
Experiment muft yield at leaft 5280 Millions 
of Tons. In which Account no Regard is 
had to the Windi and the Agitation of the 

Surfaco' 
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Surface of the Sea 5 both which undoubtedly 
promote the Evaporation. 

I T remained now to compare this Quantity 
of Water, with that which is daily conveyed 
into tlie fame Sea by the Rivers. The only 
way to do which, was to compare them with 
fomc known River i and accordingly he takes 
his Computation from the River Thames^ and 
to avoid all Objcdions, he makes fuch Al- 
lowances as are probably more than the 
Truth. 

The Mediterranean receives the following 

confiderable Rivers viz,, thcll^rusy the Rhonfy 

the Ttburt the Po, the Danube^ the Ketjier^ the 

BorjfimeSj the Tanais and i\ic Nile. Each of thcie 

he fuppofes to brin^ down ten Times as much 

Water as the Thames^ whereby lie allows for 

fmaller Rivers, which fall into the fame Sea. 

The Thames then he finds by Menfuration to 

difcharge about 20300000 Tons oT Water a 

Day. If therefore the abovefaid nine Rivers 

yield ten Times as much Water as the Thames 

doth, it will follow, that all of them together 

yeild but 1827 Millions of Tons in a Day; 

which is but little more than one Third of what 

is proved to be raifcd in Vapour out of the 

Mediterranean in the fame Time. We have 

therefore from hence a Source abundantly fuf- 

ficient for the Supply of Fountains. 

Now having found, that the Vapour ex- 
haled from the Sea, is a fufficient Supply for 

the 
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the Fountains $ he proceeds in the next Place 
to conftder the Manner in which they are 
raifed, and how they arc condenfed into Wa- 
ter again, and conveyed to the Sources of 
Springs. 

I N order to this he confiders, that if ar^ 
Atom of Water was expanded into a Shell 
or BubblCf fo as to be ten Times as big in 
Diameter as when it was Water, that Atom 
would become fpecifically ligliter than Air j 
and therefore would rife fo long as the WarmtH 
Which firft feparated it from the Surface of 
the Water fiiould continue to diftcnd it tQ 
the fame Degree; and confequently that Va-: 
pours may be railed from the Surface of the 
Sea in that Manner, till they arrive at a cer* 
tain Height in the Atmofphere, at which they 
find, the Air of equal fpecific Gravity with 
themfeves. Here they will float, till being 
condenlbd by Cold, they become fpecifically 
heavier than the Air, and fall down in Dew 
or being driven by the Winds againft the Sides 
of the Mountains, (many of which far furpafs 
the ufual Height to which the Vapours would 
of themfelves afcend) are compelled by the 
Stream of the Air to mount up with it 
to the Tops of them: where being con- 
denfed into Water they prefently precipitate, 
^nd glecting down by the Crannies of the 
Stone, Part of them enters into the Cavcrnsi 
of the Hills ; which being once filled, all the; 

over- 
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overplus of Water that comes thither, runs 
over by the lowcft Place, and breaking out by 
the Sides of the Hills, forms fingle Springs* 
Many of thefe running down by the Valleys 
between the Ridges of the Hills, and coming 
to unite, form little Rivulets or Brooks : many 
of thefe again meeting in one common Val- 
ley, and gaining the plain Ground, being grown 
lefs rapid, become a River 5 and manyofthe(c 
being united in one common Channel, make 
fuch Streams as the Rhine and the Danube 5 
which latter, he obferves, one would hardly 
think to be a Colledion of Water condecfed 
out of Vapour, unlcfs we confidcr how vaft a 
Trad of Ground that River drains, and that 
it is the Sum of all thofe Springs, which 
break out on the South Side of the Catpan 
thUn Mountains, and on the North Side of 
the immenfe Ridge of the Alps, which is one 
continued Chain of Mountains from Switzer^ 
land to the Black-Sea. 

Thus one Part of the Vapours, which arc 
blown on to the Land, is returned by the Ri- 
vers into the Sea, from whence it came; ano* 
ther Part falls into the Sea before it reaches 
the Land 5 and this is the Reafon, why the 
Rivers do not return fo much Water into 
the Mediterranean as is raifed in Vapour* 
A third Part falls on the Low-Lands, and is 
the Pabulum of Plants, where yet it does not 
reft, but is again exhaled in Vapour by the 

Adion 
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A^idOnef tbe .Sim>< aii4 is cithcf carried bf 
thfc .^JI^M^^o the Sc?^ to fall lb Rain or Dew 
tkct€y o£ el^.to thjc^jytoui^tak^^^ to be ttiere 
twt\^'ifitG Springs* ^ 

HQ;VEiV^ER it is; iic^t to be fuppofcd tiiat 
all Fountains arc owing to one arid tlie fame 
CaiifCt but that fqiric ' ptbCccd from Rain and 
RieitediSiwWi which fi)h^d|ng through the Sur- 
I^Op o^ t.he Eajrth, makes it Way into certain 
CaiiTitAeS; «dI4 thence ilHies out in the Form of 
Springs J bccaufc the Waters of fcvcral arc 
found to increafe and diminifh in Proportion 
to the Rain which falls : that others again^ 
efjpecially fuch as are fait, and fpring near the 
Sea Shore, owe their Origin to Sea Water 
percolated through the Earth, and fome to 
both thefe Caufes : though without doubt 
moft of all, and efpecially fuch as fpring ncaf 
the Topsi of high Mountains, receive their 
Waters from Vapours, as before explained *i' 

* There is a ccitain Species of Springs whicfi dbb and fio^ 
altcraatciy, and Come that ceafc to flow for a Time, and froni^ 
tbcnce ar6 called reciprocating or intermitting ones. Their Re^ 
cipipcations may be accounted for in the following Manner. 

LeX-j^BC reprefent one Side of an Hill in which there is si • 
Cavity ptFy and from this a fubtefranebus Dudfc IKL. Now 
as this Cavity fills with Water (fuppofe ff6m Vapouts pcrco-i ' 
lating thitjugh the Surface of the Hilf, or rn any other Manner 
whatever) its. Surface will rife in the Du6t as it does in the Ca* 
vity, till it artw»Nat iW, the tevei with the upper Part of the ' 
Dud ; a t which Tuner it wiff ruu over at Ki filling ktJ rhc- 
other Part of the Dcnf):... Hoi^ if the Column KL\s longer than 
AT / it will ovcrpoife the' 6thet, and* fo Caufe the Water t6 rua 
Dut at Jf till its Surface in the Cavity finks as far as /, (pro-^ 
Vid«i.l the Dudt is large enough to convey the Wate^ aWay ftfter ' 



) 
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9ian il enten thb CaHty] gt ii>Mch Time tke Fdratkin it jf 
Will ceafe to pby, oil die ,Sur&cQ at the Water in the Civitjr 
rifej again to M, and nuu over at JT u before. Tbe' R^albn whV 



tlic Water contlnnes running (when the Dufi ii dMie full) t_ 
its Sut6cc £n]u to 7, is becaufe the Air pteffing a^iBft it as it 
runs out at G and aUb upon its $ur&ce in the Cavity, keeps the 
Duafiill, as long as the Water in tha Cavity is high'teongh 
lo feed Its Orifice at 7. 

See more on this Subjed ie ^bilofop. Traitraft. N". 1 19. 18^. 
192. 384, 424. Hiiiory de I' Acad. 169J. 1703. >7»3- <7«- 
iielmini dclla Natura de Pibmi.'- Dn/i'i Hiftory oi HarvAi. 
^arr»/rc's HydrolUtics. NitpctMntyt Contempt. 191 Vareniu 
Geograph. Cap 16. Stg^uit VoL 2. Converiat. 6. Ualih 
^[aticil Eflays Vol. i . Experiment 19. MitbdtNiu in Appends 
«d 7. BtrnaMllii de Effervcfci ^ , 
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DISSERTATION iV. 

Of the Barometer^ 

Ii^ th^ting dr the Properties of the Air 
(Chap. III.) 1 have already taken No^ 
tice of the ConftruAion of the common Ba«^ 
tometer i and proved^ that the Afcpnt and 
iSulpenfion of the Mercury therein, is owing 
to the Pfeflure * of the Aln I proceed now 
to a tuore particular Inquiry into the Ori^ 
ginal^ ind IJie of this Inftrument ; and the 
difierent Forms under which it has appeared^ 
fince the Time of its Inventor TirriceUik 

ta 

^ To fay the Afceht and Sufpenfioh df the Mckaty is owing 
to the PrelTure ahd Elaflicity of the Air, as is commonly done, it 
Inaccurate. The Variation, indeed, in the Height of the Mercaiy^ 
may be afcribed to the Elaflicity of the Air, bat no otlvsrwife^ 
than as to its remiite Caufe ; *vi!t. as it occafions an Alteration in 
ihe Qaantity of Air, impending over the Place where the Varia- 
tion happens ; which alters its Weight, and fo the Mercury it 
proportionably raifed or depreffed. To illuilrate this, let it b^ 
fuppoied; that M Air is every where in JEptilibrid^ quite roandi 
the Globe;, and at perfedl Reft ; and thto, that its Elaflicity, uk 
feme one ^ace near the Surface of the Earth, is augmented by the 
Heat of the Sun, all the reft of it remaining as before. The Con- 
lequence of this will be, that th^ fuperiorPart of the Atmofphere, 
over this Place, will be raifed higher by thcExpanfion.of the 
inferior Air ; and therefore, being unconfined, will foread itfelf^ 
iKvery way, over the neighbouring Columns, whicn we fup^ 
pofe to retain their former State. 1 ne Quantity of Matter there- 
ibre ill thofe Columns of Air, in whofe lower Palrts its £laftidt|' 
Was increafed. Will ht ditniniflied, and that of the neighbouring 

M dies 
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In the Beginning of the laft Century, it was* 
a prevailing Opinion among Philofophers, that 
-the'Univerfe was fiill of Matter; and that Na- 
ture (as they expreffed it) abhorred a Vacu^ ^ 
urn: Accordingly they imagined, that if a 
Fluid was fucked up a Pipe with a fufficient 
Force, it would rife to any Height whatever ; 
fince Nature would not fuffer any Part of the 
Pipe to remain empty. GalilaOy who flou- 
rifned about that Time, found upon Trial, 
that the common Pump would not raife Wa- 
ter, unlefs the Sucker reached within three and 
thirty Feet of its Surface in the Well * : From 

hence 

ones augmented; A Barometer therefore placed in thofe Regions* 
where the Air was rariiied, will fubiide ; while one in the neigh- 
Jt>OjJring Countries will afcend ; and they will continue at different 
Heights, till the denfer Air, rufhing in upon the rariiied; reftores. 
the jEquiHbrium, Thus, we fee, the Variation of the Air's Eiaf- 
ticity is not the immeMate Caufe of the Variation in the Barome- 
ter ; it firft ^ffcds the Weight of the Air, by altering the Quan- 
tity incumbent over any Place, and that affedb the Baromecer. 
But, if we may have Recourfe to remote Caufes, we may, if we 
pleafe, go oneStep^ther; and fay, the Afcent and Sufpenfion 
of the Mercuiy is owing to the Heat of the Sun ; for by the 
foregoing Inflance, a Variation in the Heat of the Sun may fome- 
times be the occafion of a Variation in the Height of the Mercury. 
Neither is the Sufpenfion cf the Mercury, in a Tube, that i3 
kept within Doors, to be afcribcd to the Elafticity of the Air ; for 
that exerts no Force, but as the internal Air is preffed by the exter- 
nal, which endeavours to get in, where-ever it jCan find a Way . 

* It is a common Notion, that a fucking Pump will not raife 
Water above thirty-three Feet, whereas it will raife it to, any 
Height whatever, if the Sucker reaches within thirty-three Feet of 
the Surfece of the Water ; as will be evident to any one that coa- 
fiders the Strufturc of the Pump : for all the Water, which has 

once 
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hence be jucUcioufly inferred, , that a Column 
of Water thirtyrthree Feet high was a Coun- 
terpoifc to a Column of Air ef an equal Bafe, 
whofe Height extended to the Top of the At-t 
jnolpher? \ and that, for this Reafon, the Wi-^ 
ter would not.fQllow the Sucker any farther. 
^orricelliy obfervine this, took the Hint 5 and 
confidered, that, if a Column of Water, of 
about thirty-diree Feet, was equal in Weight 
to a Cplumn of Air, of the fame Bafe * ; a 

Co- 



once pafTed through the Valve in the Sucker, is fupported by that, 
9M the Sucker is drawn up, and refts upoh a Valve placed in the 
Fump below, as it is let down ; fo that ic can be no Impediment 
|o the rifing of the Water below the Sucker, whatever the Length 
of the Column* which it forms, may be. The placing one Pomp 
above another, where Water is to be raifed from great Depths, is 
rather for Strength and Conveniency, than out of Neceflity. 

* Perhaps it may be enquired here, how it ccmies to pafs, that 
tbe Column of Air, which preiTes ufion the Aagnant Mercury in 
the Bafon, is always fuppofed to have an equal Baft; with the fuf- 
pended Column in the Tube ; whereas, in Reality, its B^fe is 
equal to the Surface of the flagnant Mercury. The Reafpn is, 
that, as the Bafe of the Column of Air increafes, in the fame PrO' 
portion the Velocity, wherewith it defcends, decreafes, when, it 
forces down theSurface of the Mercury in the Bafon; confequently 
its Moment, or Preflure upon the Surface of the (lagnant Mercury 
(fo far as it reUtes to the iiifpending of it in the Tube) is no greatn 
er, than it would have been, had its Bafe^been equal to that of 
the fufpended Column ; and therefore, in confidering it as fuf; 
pending a Fluid in a Tube, it is properly enough faid ta be a Co- 
lumn of fuch a Bafe. 

Neither is this Suppofition inconfiftent with th» ninth Propofi* 
^on of the firil Chapter, where it is demonftrajted, that th^ Pref- 
fure of a Flviid is in Proportion to its perpendicular Height, and 
the Quantity of Surface, againil v/hich it preiTes. For, a& the 
Svr&ce of the Mercury may be confide^e4 as ^Bs^^fe^Dt which the 
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Column of Mercury, no longer dban about 
twenty-^nine Indies and a half, would be ib too ; 
fuch a Column of Mercury being as heavy, as 
thirty-three Feet of Water. Accordingly he 
tried' the Experiment |n a Glais Tube (in the 
Manner laid down. Chap. HI^ %. 4.) and found 
it to fucceed ^. The Apparatus he made life 

of. 



polQtnn of Air refts« fo ^he Bafe of fke Colqmn of Air may be con- 
i^der*d as a Sur&ce agaihft which the Mercury preijles. Theip 
fwo being equal, *tis clear* that only the Relation of the Height^ 
f)f the Columns are to be confidcred^ and not that of their Bafes. 

f Notwithflanding this dear Proof of the JPfeflure of the hxmxf- 
fikere, the Aflertersof aP/p»ir«rwoald by no Means be prevailed 

Jpon to allow it to be fuch ; but tried all Ways to account for this 
^Imnomenm from foipe other Cao(e. The moft chimerical Solution, 
and which at the fame Time gave the advcrie Party the'greateft 
jPifficuIty to overthrow, was that <^ Unui, He contended, that 
in the upper Part of the Tube, there is a Film, or Ropeof Mer- 
fory, extended thro* the feeming^ Vacuity, and that the reft 
ivns Vilipended by it, and kept from falling into the Baibn i anfl 
that tfais FHm is dble to fupport about twenty-nine Inches of Mer- 
carv. He confirms his l^Mhifis by the fUlc^ving Experiment 
Take, fays he, a fifiall Tuoe, open at both Ends, fuppofe about 
fwenty Indies long; fill this Tuoe with Mercury, m>pping the 
lower Qrifioe with yoar Thumb: Thai dofing the upper witil^ 
your l^inger, and immergkig the lower in ftagnant Mercury, you 
mil percdve, upon the Renioval of your Thumb, a manifeftSuc* 
tion of your Finger into the Tube $ and the Tube and Mercury 
will both dick fo dofe to it, that jron mav carry them about th^ 
iloom. Therefore, fays he, the internal Cylinder of Mercur^ 
In the Tqbe is not held up by the prepeoderant Air without; for 
if fo, whence comes fo flrong a SufUon, and ib firm an Adhefion 
f)f the Tube to your "Finger \ 

Or if you fill the fame Tube almofl full of Mercury, leavii^ a 
littl« Space of Air within,' and then immerjge it in the fUgnant 
Mercury, you will find, that, notwithfbnding its Surfiice is at 
fome Diflance from your Finger;^ ther^ «^ be a ccmfidecable Sacr 
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of, is now the common Barometer orWea-? 
ihcr Glafe *. 

The Mercury ftanding at a lefi Hei^t, Ac 
nearer it is carried to the Top of the Atmoipher^ 

tipa of ity as before. From hence he infers, that the Finger fiip- 
ports the Mercuf/^ h(y Means of the aboveroentitxied Filin^ ^3o4 
that the PrefTure of the Atmofphcrc is not concerned. 

3ut9 when it was found, that the Mercury would not fbmd (q 
high in the Tube, on the Top of a Mountain, as below ; audi 
vrould quite fall^ when the circumajpibient Air ws^ cxtraded firMn 
it by the Pump, all pbjeflions vanifhed ; and Linus ^ funiculac 
tiypotbefis (as it was called} ^ough it ieemed to folve alt othec 
JPhanoittgnaf relating tp iht Sufpenfion of the Mercury^ was witb 
Jfuftice rejeded. 

Kir(hery when this new Doftrin?? of % Vacuum was firfl advaiK 
fxd at Rome, contended, that the Authors of it were eiUblilhikig 
t'rinciples not only repugnant to thoie of Nature, but fuch a^ 
would be prejudicial to the Orthodox Faith ; as endeavouring tm 
^ince by this (izbtle Experiment, that there might be in Natar« 
4ficatum fine lac^y accifkntiafine fubjgSio. an^ therefore made the 
Experiment With Water, in the following K^anner. He caofed % 
iaall Bell to be fixed in the upper Part of the Tube, ilnagilliltt^ 
that, if there fhould be a Veuuum^ the Bell wouM not be maa^ 
to found: But in making the Experiment, fome Air got into tht 
Tube (for he tdls os, that but ten Feet of Water remained in ^c 
Tnbe, after it -wai inverted} the Bell therefore was heaid to 
found i ^d fb the Notion of a Facut^mt till mpre accurate Eaqpe^! 
Timents evinced the contrary, was exploded with Contempt. 

f Htt^ens obieryed, that, if a Tube feventy-five Inchei iMg^ 
was filled with Mercury well purged of its Air, the whole Quan* 
(icy of Morcury would remain fu^nded ; whereas, according to 
|he Ti^rr/VfZSrVts Experiment, the Mercury ought to have jubfided 
to the Height of about twenty-nine Inches. 

TheOiufe of t\ii%Ph^Mimenon feems to be, that, by the great 
)¥eight of ib long a Golnnm of Mercury, it was piefled into fq 
clofe Conta^ with the Glafs in pouring in, that by the mutual 
Attraftion of Cohefion between the Mercury and the Glafs, thb 
ivhole Column was fuflained, after the Tube was inverted. 

(C3iap. 
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(Chap. IIL §. 7.) renders it ufeful in determin- 
ing tne Height of Mountains ; and finding out 
the different Elevation of one Place above ano- 
ther. Accordingly, Dr. iHalley has given us a 
Table for that Purpofe, in the Philofophical 
Tranfaftions N^. i&i, fhewing how many Feet 
the Defcent of the Mercury each Inch anfwers 
to, as it is conveyed to the Top of a Mountain, 
pr other elevated Place. And Dr. Nettleton 
has done the like ih the Philofophical Trarifac- 
tions N®. 388, {hewing what Number of Feet 
Sinfwers to each tenth Part of an Inch, from 
twenty-fix to thirty-one Inches of Mercury, 

But the principal Ufe of it is, to eftimate 
the Gravity of the Air at diflTerent Times, in 
Order to forefee the Alterations of the Wea-i 
ther, which are confequent thereon. To this 
End, Dr. Halley in the fame Tranfadion has' 
alfo laid down the more remarkable Pbanth 
mena^ relating to the different Heights of the 
Mercury at different Times, together with the 
Solution of each; which are fo juft, and fo 
agreeable tq true Philofophy, that I doubt not 
but the Reader will excufe me for giving his 
Account in his own Words, rather than to. 
Tender it imperfect, by endeavouring to vary 
from it, or abridge it. 

« 

" I. In calm Weather, when the Air is in- 
" dined tq Rain, th? Mercury is commonly 

♦' low, 
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2. In ferene, good, fettled Weather, the 
Mercury is generally high. . 

3 . Upon very great Winds, ' though thejr 
be not accompanied with Rain, the Mercury 
finks loweft of all, with Relation to the 
Point of the Compafe the Wind blows upon; 

4. Ceteris paribus y the greatefl: Heights 
of the Mercury are found upon eafterly and 
north-cafterly Winds. 

*' 5. In calm frofty Weather, the Mercury 
" generally Hands high. 

6, AAcT very great Storms of Wind, 
whefi the Mercury has been low, it gene:* 
rally rifes again venr faft. 

7. The more normerly Places have greater 
" Alterations of the Barometer, than the more 

foutherly* 

8.. Within the Tropics, and near dicnl^ 

thofe Accounts we have had from other^ 

and my own Obfervations at St. HeJend,' 
" make very little or no Variation of dife 

Height of the Mercury in all Weathers. . 
Hence I conceive that the principal Caufc 

of the Rife and Fall of the Mercury, is from 
'* the variable Winds, which are found in th6 
" temperate Zone, arid whofe great Uncon- 
" ftancy, here in England^ ismoft notorious." 

^^ A fecond Caufe is the uncertain Exhalation 
** and Precipitation of the Vapours lodging in 
*^ the Air, whereby it comes to be at one Time, 
'^ much more crouded than at another, and 
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^^ confcquently heavier, but diis latter in a great 
^* Meafure depends upon the former; Now, 
'^ from theie rrinciples^ I (hall endeavour to 
^ explicate the feveral Phanomena of the fia-^ 
^ rometer, taking them in dife fame Order t 
•* laid them down. Thus? 

" i. The Mercury's being low^ inclines it 
^ to rain, becaufe the Air being lights thd 
•* Vapours are no longer fupported thereby^ 
^ being bebome ipecifically heatier than the 
** Medium wherein they floated, lb that they 
• deicend towards the Earthy and in their Fall^ 
^ meeting widi other aqueous Particles, they 
^ incorporate togedier^ and form little Drops 
^ of Rain ; but the Mercury's being at one 
^ Time lower than at anodier^ is the £fic3: of 
*^ two contrary Winds blowing from the Placft 
^ where the Barometer ftands; whereby the 
" Air of that Place is carry'd bodi Ways from 
^ i^ and, confeqiiently^ the incumbent Gylin^ 
^^ der of Air is diminimed, and accctf'dingly tha 
^ Mercury l)bks : As for Inftance^ if in the 
^ German Ocean it fhould blow a Gale of 
•* wefterly Windj and at the lame Time an 
^* eafterly Wind in the Irijh Sea ; or if in 
France it Ihould blow a nordierly Wind^ 
and in Scotland a Ibudierly; it muft be 
^ granted, that that Part of the Atmc^phere 
** impendant over England, would diereby be 
^* exhaufted and attenuate^ and the Mercury 
^' would &ib£ule, and the Vapours, which be-^ 

** fore 
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^* fore floated in tlwfe t^arts of the Air of 
** equal Gravity with thcmfelves, would finl^ 
" to the Earth. 

" 2. The greater Height of die Barometer 
^* is occafioned by two contrary Winds blow- 
ing towards the Place of Obfervation, where- 
by the Air of other Places is brought thidier 
and accumulated; fb that thd incumbent 
Cylinder of Air, being encreafed both in 
Height and Weight, the Mcrcuty prefled 
thereby muft needs ftand high, as lonff as 
** the Winds continue fo to blow ; and then 
the Air being fpecifically heavier, the Va- 
pours are better kept fuipended, to that they 
*' have no Inclination to precipitate and fall 
down in Drops, whidn is the Reaibn of the 
ferene good Weather vdiich attends ^e 
^* greater . Heights of the Mercury, 

** 3. The Mercury finks the lowcft erf all by 
" the very rapid Motion of the Air in Storms 
** of Wind. For the Tra<^ or Region of the 
" Earth's Surface, wherein the Winds rage, 
not extending all round the Globe, that 
ftagnant Air which is left behind, as like- 
" wife that on the Sides, cannot come in i<^ 
" feft as to fupply the Evacuation made by fo 
** iwift a Current, fo that the Air muft necefl- 
** farily be attenuated, when and where the 
'^ faid Winds continue to blow, and that more 
" or left, according to their Violence ; ad4 
^^ to vdiich, that the horizontal Motion of the 

N ^' Air 
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^' Air being £3 quick as it is, may, in all Pro- 
bability, take off fotne Part of the perpendi- 
cular Preflure thereof; and the great Agi- 
** tation of its Particles is the Reafon why dbe 
^^ Vapours are diflipated, and do not condenfe 
^* into Drops, fo as to form Rain, otherwife 
^^ the natural Confequence of the Air's Rare- 
^' fadtion f • 

^' 4. The Mercury ftands the higheft upon 
^* the ea^lerly and north-eafterly Wind, bc- 
** caufe in the great Atlantic Ocean, on this 
" Side the thirtj^-fifth Degree of north Lati- 
•* tude, the Winds arc almoft always wefter- 
** ly or fouth-wefterly ; fo that whenever 
^* here the Winds come up at eaft and north- 
" eaft, 'tis fure to be checked by a contrary 
^^ Gale as foon as it reaches the Ocean % where- 
^^ fore, acceding to what is made out in our 
^^ fecond Remark, the Air mull needs be heap* 

*|- The Reafon the DoAor a^gns ibr the finking of the Mercujy 
the loweft of all in violent Storms of Wind, feems not fufficient. 
Perhaps it may be better accounted for thas; the Caufe why the 
^ind blows at all, is in order to reflore the JBquilikrium of the 
Atmofphere, when loll (as may be inferred from what was faid in 
the firft Note of this, and will be more largely explained in the 
following Diffirnation;) it therefore always blows towards that 
Point, where the Air is moft rare^ed and lighted. Now the 
Air in its Progrefs to that Point, muft certainly move fafter and 
fafter ; for the Caufe which gave it Motion at fi^l, continues to zGt 
upon it air the Way. Confequently, in whatever Place the Wind 
blows with great Rapidity, that Place is at, or near the Point, 
where the Air is moil rarefied, and iighteft ; which is a fufficient 
JUaibn &r the Mercury*s ilan^g |ow at diat Placf. 

«ccl 
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•* ed over this Bland, and confequently the 
** Mercury muft ftand high, as often as thefe 
** Winds blow. This hol^ true in this Coun- 
*^ trvj but is not a general Rule for others, 
•* Wnere the Winds are under different Cir- 
^ cumftances ; and I have fometimes feen the 
Mercury here, as low as twenty^nine Inches 
upon aU eaftcrly Wind, but then it blew ex- 
** ceeding hard, and fo comes to be accounted 
*' for, by what Was obferved upon the third 
** Remark. , 

" 5. In calm frdfty Weather the Mercury 
" generally ftands high, becaufe (as I con- 
ceive) it feldom freezes, but when the Winds 
come out of the northern, and north-eaftem 
Quarters ; or, at leaft, . unleis thofe Winds 
blow at no great Diftance off: For the 
*^ north Parts of Germany^ Denmark^ Swe-^ 
** deny Norway, and all that Trad from 
^* whence north-eaftera Winds coriie, are 
fubjedt to almoft continual Froft all the 
Winter 5 and thereby the lower Air is very 
'^ much condenfed, and in that State is brought 
thitherwards by thofe Winds, and being ac- 
cumulated by the Oppofition of theVefter- 
ly Wind blowing in the Ocean^ the ^er- 
cury muil needs be preiled to a more than 
ordinary Height : and,, as a concurring 
Caufe, the (hrinking of the lower Parts of 
" the Air into leffer Room by Cold, muft 

N 2 " needs 
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needs caufe a Defcent of the upper Parts of" 
the Atmofphere, to reduce die Cavity tnade 
'^ by this Contra^ion to an Mquilibriumi 

6. After great Storms^ when the Mer-^^ 
cury has been very low^ it generally riiea 
again very faft: I once ob^rved it to rife 
one Inch and a half in lefs than fix Hour^ 
after a long continued Storm of ibuth-weft 
Wind^ The Reafon is^ becaufe the Air be^ 

^^ ing very much rarefied^ by the great Eva-^ 

^* cuations which fiich continued Storms make 
thereof the nei^bouring Air runs in die 
more fwiftly^ to bring it to an Mquilibri^ 

^^ um-j as we fee Water rons die failer for 

^' having a greater Declivity^ 

7. The Variations are greater in the more 
northerly Places^ as at Stockbolm^ greater 

" than that at Paris (compared by M Paf^ 
^^cbaJi) becaufe the more northerly Parts 
have ufually greatei; Storms q( Wind than- 
the mwe touthcrly, whereby the Mercury 
^^ ihould fin]^ lower in that Extream ; and 
" then die nordierly Winds bringing the more 
*' denfe and ponderous Air from the Neig|i-* 
*'. bourhood of die Potei and that again bong 
** checked by a fqfttherly Wind at; no great» 
Diilance, and fo heaped, mufl of Neceflity 
make the Mercury in fuch Cafe fland h^her 
<^ in the other Extream^ 

«* 8. Laftly, 
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«* 8. Laftly, this Remark, That there is 
little or no Variation near the EquihoSiial^ 
does above all others, confirm the Hypothe-- 
" ^j of the variable Winds being the Caufe of 
thefc Variations of the Height of the Mcr-* 
cury ; for in the Places above-named, there 
is always an eafy Gale of Wind blowing 
nearly upon the famfe Point, vix. eaft-nordi- 
** eaft, at Barbadaesy and eaft-fouth-eaft at 
** St. Helena *, fo that there being no contra- 
** ry Currents of Air to exhauft or accumulate 
^' it, the Atmo4>here continues much in the 
« fame States However, upon Hurricanes 
« (the moft vident of Storms) the Mercury 
** has been obferved very low, but this is but 
" once in two or three Years, and it foon re- 
^< covecs its fettled State about 29 \ Inches/' 

Monfiear Leihnifz accounted for the De^ 
jG:ent of ^e Mercury before Rain, upon an-^ 
odier Principk ^, viz. as a Body ipecifically 
lighter dian. a Fluid, while it is fufpended by 
it, adds nu>re Wei^t to diat Fluid, than 
when, by beine reduced in its Bulk, it be-' 
comes fpecifiGally heavier, and defcends^ fa 
die Vapour, after it is reduced into the Form 
of Clooids, and defcends, adds leis Weight to 
the Air, dian before ^ and dicrefore the Mer-^ 

* See the Caafe of this affigned in the following DifTertation. 
^ Memoir. deTAcad. 171 1. 

cury 
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cury falls. To which it is anfwered^ tji. 
That when a Body ddcends in a Fluid, its Mo-^ 
tion, in a very little Time, becomes uniform, 
(or nearly fo) a farther Acceleration of it be- 
ing prevented by the Refiftance of the Fluid ; 
and then, by the third Law of Nature, it preC* 
fes the Fluid downwards, with a Force equal 
to that whereby it tends to be ferther accele- 
rated, that is, with a Force equal to its whole 
Weight. Q.dly. The Mercury, by its Defcent^ 
foretells Rain a much longer Time before it 
comes, than the Vapour, after it is condenied 
into Clouds, can be fuppofed to take up in 
falling. 3i//y. Suppofing that as 'many Va- 
pours, as fall in Rain, during die Space of a 
whole Year, were at once to be condenfed 
into Clouds, and even quite ceaie to gravitate 
upon the Air, its Gravity would fcarce be di- 
minifhed thereby, fo much as is equivalent 
to the Defcent of two Inches of Mercury in 
the Barometer. Farther, in many Places be- 
tween the Tropics, the Rains fall at certain Sea- 
ions, in very great Quantities *, and yet the 
Barometer (hews thiere very little or no Altera- 
tion in the Wei^t of the Air. . 

The following arc Mr. Patrick'^ Obferva- 
tions on the rifing and falling of the Mercury* 
They are very juft, and are to be accounted 

* See Difieitation the vich. 

for 
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for on the fame Principles with thofe of Dn 
Halley. 

" I . The rifing of the Mercury prcfages in 
'* general fair Weather ; and its falling, foul 
" Weather 3 as Rain^ Snow, high Winds and 
^' Storms. 

" 2. In very hot Weather, the falling of 
*' the Mercury forefhews Thunder. 

" 3. In Winter the rifing prefages Froft ; 
*' and in frofty Weather, if the Mercury falls 
** three or four Divifions, there will certain- 
ly follow a Thaw. But in a continued 
Frofti if the Mercury rifes, it will certain-' 
ly fhow. 

♦^ 4. When foul Weather happens foon after 
^^ the Falling of the Mercury, expedl but little 
^* of it. And, on the contrary, expeft but 
little fair Weather, when it proves fair 
(hortly after the Mercury has rifen. 
" 5. In foul Weather, when the Mercury 
rifes much and high, and fo continues for 
two or three Days before the foul Weather 
is quite over, dien expedt a Continuance of 
** fair Weather to follow. 

*^ 6. In fair Weather, when die Mercury 
*^ falls much and low, and thus continues for 
«^ two or three Days before the Rain comes; 
«* then expedt a great deal of wet, and pro- 
*^ bably high Winds, * 
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7. The unfettlcd Motion of the Mercury 
denotes uncertain and changeable Weather. 
8. You are not fo ftridHy to obferve the 
♦^ Words engraven on the Plates (though, for 
the moft Part, it will agree with them) a$ 
the Mercury's Rifing and Falling: For if 
it ftands at Much Rain, and then rifcs up 
«* to Cbangeabky it preiages fair Weather, al-^ 
*^ though not to continue fo long, as it would 
«* have done, if the Mercury were higher; 
" xA.nd fo ©n the contrary, if the Mercury 
«* ftood at Fair^ and falls to Changeable, it 
«* prefages foul Weather ; though not fo much 
^« of it, as if it had funk down lower/* 

From thefc Obfcrvations, it apf)ears, That 
it is not fo much the Height of the Mercury in 
the Tube, that indicates the Weather, as the 
Motion of it up and down ; wherefore, in Or- 
der to pais a right Judgment of what Weather 
is to be expeded, we ought to know, whe-? 
rfier the Mercury is adually Rijihg or Fall-- 
ingt to which End, the following Rules arc 
of Ufc. 

1 . If the Surface of die Mercury is convex, 
{landing higher in the Middle of the Tube than 
at the Sides, it is generally a Sign Aat th§ 
Mercury is dien rifing. 

2. If the Surface is concave, or hoUow in 
the Middle, it is finking. And, 

3. «• 
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3 • If It Is pliin, the Mercury is ftatiohary, or 
rather, if it is a little convex ; for IVicrcui'y 
being put into a Glafi Tubcj eij^edally a fmall 
oii^, will naturally have its Surface a little 
cofxV6c ;' becdilfe the Particles of Klercu^ at- 
trasEt qach odie^ more forcibly than they arc 
attrafted b^^ 0iifs. Further^ 

4. ff theGlaft i^ fmall, fhakd thd tube, 
ftfid ir die Ait is Itowihg heavier^ the Mercury 
Will rife abbut half the tenth of aii Inch higher^ 
Adii Jt i¥ood btfotc} if it is growing lighter^ 
it wiil 6nk aS riiuclii This proceeds from the: 
Mtx6xvfi fticlTing to the ^ Sides of the f ulx^ 
\^cH prevents the free Motion of it, till it is 
difertka^ed by the Shock. And the'refore^ when 
ah (%femtioii is ^o be made with fudbt a Tubc^ 
it oiij^t alWays to be maken 6rft, for ibme* 
times the Mfertiiiy will not vaiy of its own Ac-i* 
cotd, tflil thfe Weather, it ou^t to have indi* 
eated^ is pre&nt^ . 

Trtic tJlbfuliiefs of knowing wli^tbcir the 
Mfei'^uiy i^ a(ftually lifing or railing; and the 
Advantage that would artfe from perceiving 
the nrioft minute Variations in effimaiting die 
Hei^Kfs of Places^ have given Occafion to the 
Invention of feveral Kinds of Barometers differ-^ 
ent fronal the Torricellian^ though founded oii 
the fame Principle ; whiireih the Scale of Vari- 
atidh, which in that is not above three Inches^ 

O Should 
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Ihould be confiderably larger. Of which I am 
now to give feme Account* 

1. The firft is that of JD^iQr/^j, which was 
made in the Form exprcffed 'Big. 28. where 
AB is a Tube hermetically * fcaled at A, and 
having its lower Orifice immerged in ftagnant 
Mercury EF, and filled with the fame Fluid 
to G, from thence to H vvith Water, and emp* 
ty from thence to the Top. Now, when the 
Mercury rifes in this Tube, fuppofe from G to 
L, the Water will be raifed in uie fmall Tube, 
perhaps from H to M, "diz. as many Times 
further, as the Tube CA is fmaller than CD ; 
by which Means the Variations become much 
more fenfible, than they are in the common 
Barometer. The Inconvenience of this was, 
that the '^ Air, irtcluded in the W^ter, getting 
Ibofe by Degrees, filled the void Space at the 
Top, and fo fpoiled the Machine. 

2. He then contrived it thus, ABC {JPtg* 29.) 
ts a bent Tube hermetically fealed at A, filled 
with Water from F to D (tinged with Aqua 
Regia to prevent its freezing,) from D to E widi 
•Mercury, and empty from thence to the Top. 
Then, upon the Mercury's rifihg, fuppofe from 

♦ A Tube is faid to be bermetkaUy fealed, when the End is fo 
dofed, that nothing can poffibJy evaporate through it. And, be- 
caufe this is bell done, when it is c(o(ed ^p with its own Sob- 
ftancc ; or when its Bore does not reach-quite through it, it is 
then iaid to be hermetically fealed. 

- • E to 
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E to M, and falling as much at D, the Surface 
of the Water at F would fink fo many Times 
farther than the Surface of the Mercury at D, 
as the Tube CG was fmaller than GH. The 
Water here is liable to evaporate, though that 
may, in fome Meafure, be prevented, by pour- 
• ing a few Drops of Oil of fweet Almonds 
upon it. Others have contrived ^ 

3. The Horizontal. or Reftangular Barome- 
ter \Fig^ 30.) hermetically ftaled at A, and 
filled widi Mercury from D to E ; then as the 
upper Surface, of it rifes in the Tube, fuppofe 
from E to F, the lower will be driven from D 
to G, as many Times farther, as this Part of 
the Tube is lefs than that at E. . But it often 
happens, that fome Parts of the Mercury break 
off from the reft in die Leg BC, and are left 
behind. This Inconvenience is remedied in 

4. The Diagonal Barometer ABC {Fig^ 31.) 
wherein the Mercury, inftead of rifing from B 
to D (foppofe that Space to correfpond to the 
Scale of Variation in a ftrait Tube) will rife 
from B to A ; for it will always ftand at the 
fame perpendicular Height, whatever.be the 
Inclination of the Tube ; becaufe Fluids prefs 
only according to dieir perpendicular Alti- 
tude *. But tfie Tube AB muft not be, too 
much inclined, left die. Mercury break in it, 
as in the former. 

♦ Chapter I. j. 9. 

O \ 5, AB 



I o 3 Of the Barometfr. Part f f , 

5. AB {Fig. 32.) is Dr. Rook's Whcdir 
Parometer, wherein ABD is a Tutye filled 
Vitb Mercury from <j to E : V is an Iroij Ball, 
fwimming on the Surface 01 the Mercury j thi« 
as it fiihiid^ with the Surface of ihe Mercury^ 
flraw^ the jittle Wheel m n round, to wlK)fe 
Circumference it is fi^ed by Means of die 
String a c ^ I This Wheel carries the Inde^ 
PQ, which pQints to the graduated Edge of 
the Circle ]K.L, ^d by it^ MotioQ jfl^ews 
^e inoft minute Variadons of the Mercury. 
ISiyhen the Ball a i? raifed by the Mercury 
on which It fwims, tl^e Index is drawn the 
fontrary Way by a lefler Ball b^ which hang§ 
on the other Side die Wheel. The ]Fri6lioQ 
in this Machine, unle^ it be made with great 
i^ccuracy indeed, renders jt uiefei^. 

6. Tne pendent Barometer is another Con- 
trivance to reqder tbip Variations more ien^le. 
It copfifls of a fniall conical Tube, (reprefented 
Tig. 33 ) hermetically 'fealcd at A, an<i 4He(| 
^ith Mercuiy from C to p^ and empq^r from 
thence to A. Now^ fuppofing the Qr^ity of 
the Air encreafed, it wHl raife tlie Mercury 
|iigher in tKe Tube, and lb force it intf} a uvt 
rower Part j by Vhfch Meaps die Column ber: 
coming longer, its perppfidjcujar Preflure upoji 
the Air below wil| pe pffpordpnably cn^reaied. 

• The Tube is fmaller at a than at E, that the grcateft Varia- 
tion may be at that Surface of the Mercury on which the Ball 
reus. 

On 
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Qn .^c cc»tr%rjr, wbeA the Air hfiMwnflB^li^ijpr^ 
d^e ftdercury defceuds mXo a Ufgcr Part jof the 
^ube, and by i^at Means has the Length of 
its Colunjn proportionably oontracaeA Tlie 
{nconvcnieiy^e th»c 9it^nd$ .1^$ Qaromcter, is 
fh9i( ihe Tiibp muft he very im^, x>thecwi& 
|l\e Mercury will hW oaat.; pr the Air .will he 
^ to get into it, and divide the Colujoaji ia 
iey^ral Places; and v^ben the Tube is mxf 
^ha^U, the Fridtion of the Mer^cury againft the 
^.des of i^ vtrill hinder it fronof ri£bg and fail^ 
firpely. 

7. Dr. Hp(?i^ obferving how unfit ihe ^aoi^ 
i9Qn S^pnoe^er was to he a&d on Boajd of 
Skip! by {j^f^foa its Poiilion ou^t to ^ ileady, 
i^pfUriyed the foUowipg one, called, from its 
mi, a Marine Barometer, confifting of two 
Pgrts, jhe pm A B {Fig. 34/) die confimon Spi? 
rlt TherfDometer, the other C D, a Tube filled 
with Airfrpm C to E, and from dhepce to the 
^nd P with tinged Water. This ]^nd is immer.* 
gied ia Uiip iame Fluid contained in the VtSkX 
G F ; and haying its ^ui&ce e^poied to the 
Preffure of the external Air. Now, the laft of 
the^ Machines wiU be ai&£bed both bv the 
Warntth of the ^emal Air, and alio by its 
Pr^ore : Th^ fi^rmer dilating the Air included 
in C Ej apd by that Means driving the Wato: 
^wnwar^^s ; the latter prdiing it up higher in 
the Tube : Whereas the o&er, viz. AB, is af- 
feded by the Warmth of the Air alone. Con- 

fcquently. 
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fcqucntly, were ihcfc Inftraments graduated in 
fuch a Manner, that, if the Gravity of the ex- 
ternal Air fhould always remain the fame it 
was, when the Inftraments were made, their 
Variations (then only depending on its Warmth) 
{hould exaftly correfpond with each other; 
that is, when the Spirit in the Tube AB> 
fliould afcend to i, the Water in C D, fhould 
deicend to i, ^c Then, whenever their Va- 
riations ftiould be obferved to differ from each 
other, die Difference could only be afcribed 
to fome Alteration in the Preffure of the Air 
upon the Surface of the Water in the VefTel 
G F. In Proportion therefore as this Diffe- 
rence is greater, or lefs, fo is the Alteration in 
the Gravity of the Air, from what it was 
when the Inftraments were adjufVed. For In- 
ftancc, when the Water ftands above the 
Divifion, which correfponds to that, which 
the Spirit points to in me other Machine, it is 
an Indication, that the Preffure of the Air is 
grieater at that Time, thaij when the Inftra- 
ments were graduated, and wV^ verfd. 

This Machine is not only more ufeful at 
Sea, than the common one, as not requiring 
a fleady Pofition ; but may have its Scale of 
Variation confiderably enlarged, by making 
the Bore of the Tube C D very fmall, in Pro- 
portion to the Capacity of its Head C. 

But 
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But it is. obfereed, that in long keepings this 
Iriftrumcnt, the included Air lofes lomcwhat 
of its Elafticity \ . whereby, in Procefs of Tim^ 
tfep Watet ftands hi^er th^n- it ought, and 
therefore indicatcsr the Gravity of the Air to be , 
greater than what it is, • 
. . In ithe Philofophical Tranfaflions N^, '427, 
I have . given an Accdurit of a Barometef,, 
wherein the Soaie of Variation may be en- 
creafed ad Infinitum. ' f he Defcriptidn of it 
is as follows : -A B C D (Fig. 35,) is a ^cy- 
lindrical Vcffel, filled with a Fluid to *thc 
Height Wj in which is imjnerged the- Harb- 
meter S V^ confifting of the fallowing Parts : 
The Principal of which is a Gkfs^-'TtiBc^ T P 
(reprcfented feparately at ^p) v^qfe upper 
End T is hermietically fealed : This ^ End 
does not appear to the Eye, being received 
into the lower End of a Tin Pipe G H, which 
in its other End G receives a cylindrical Rod, 
or Tube ST; and thereby fixes it to the Tube 
TP. This Rod ST may be taken off, in 
Order to put in its ftead a larger, or leffer; 
as Occafion requires. S is a Star at .the Top 
of the Rod ST, and ferves as. an IndeXy by 
pointing to the graduated Scale LA, which is 
fixed to the Cover of die Veflel A B C D. 
MN is a large cylindrical Tube made of 
Tin (reprefentfed feparately at m n) which 
receives in its Cavity the fmaller Part of 
the Tube TP, and is well cemented to it 

• at 
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Etbo& £nd% diat none of die Fluid nliy get 
in; . 

The. Tube TP, with tfab Apparatus, being 
filled with .M wriiiy) and plunged into thb 
l^oh Vy/^^Wch hai^ by two^ or more WirtSj 
upon the lower End of the Tube MN^ mull 
be fa ppisied^- d9 t6* flbat in the Licpi^r ton* 
^med in the Vcffcl A B C D, and then the 
whole Mad^ine wiU rfle^ wh^n the Atmoff^t^ 
j^ecomes lighlcfi and wee verJBi 

i ihall h^Fe add a Gddi{3)u&tibn, ill Otda- tb 
Aew the PdflSbitt^ of the yariatidii beitog 
infinite^ upon^ ^ given' fihil^ Variation of die 
Weight. t^ff»ft Atnibfpheit, and i^dial^ the 
Rc^fonf why 4t itiay be foi And for the Sake 
of tho&: who wotdd fise a Matheinatieal 
tfdbix^ it, . I fnall give tfac Oemohiiratkm 
in a Note befew^ * 

Ltt 

*' Let the fpeciiic Grivitv 6f Q|f ckllvet U to that of Wiaer» 
or t6 tbe'Lfqi^dT the fiarometer ffoats io^ as i tg l| and if: it be 
pfopofisd> thslt (h6 VarKitioQsitt thifcamptfddd Bktohieter fhan be 
CO Uie con^mporary Yanatioiis of tbtCGntmoa' DaiOihe&r in tire 
{^veii Ratio of » to i, this Efibd^ will be obtained^ h;$ makiBg the 
Dikine&r of the ItodST t6 the Diaitieter of the Cavity of the 

Tube' HIa as ^«- — b to- 1,' which may be thus demooiiatexh 

fi's 
Ut ui isx^% that 4hfe Variatihn iiii theH^^ oF theti^S^cl^* 
filver. in the commoirBaijbiiietefr, wliicfa wexaif^^is ibch»L thit 
a cybic IncH of Quickfilver fhall ri(b into the ^Wmmm XT ; ih 
Older lb Which, a cubic {nth of Qoickfilvtl' ixlait rile from the 
Veflel V": that Is, the Sarf^nte P jAtia fubfidfc fo hx, that acobic 
Inch pf Water (if that be the Fhiid made Ufe Of) ihaU ehter i)te 
Yeifef Vf by which Means t&e Urometer ^ith'the Parts annexed 
mil be heavier by a cabic Inch of the Fhud. Now 
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Let it be ftFpjf)ofe4 th^t the Fluid made ufe 
of ]b Water, OTd that the given Variation ia 
the Weight of the Atmofphcre i& fuch, that^ 

hf 

Now tills additiotial Weight of a cubic Inch of Fluid, will 
^ake the' wliole Bhi^mfettff fubfide (accoitJmg to the Laws of Hy- 
droftaiics) till a cubic Inch of the Rod HS» immediately exttMt 
above the Surface at W, ihall come under it; but the Length of 
foch a Magnitucfc of HS wiil exceed die Length of an equal Mag- 
hitiitle of C^ickfilver in Ae Idiger Tube X, as many Tinnes as thtf 
Square of the Diameter at X exceeds t^e Square of the Diamet^» 
at H (the Lengths of equal Cylinders being recit)rocal to their 
Bafe.)' Thdt is, the perpehdicufai' 0efeem m the compound Ba^ 
rometer will* be (• v^ the pefpl^ndioular Aicent of the Mercury nl 
die comihon Barometer, as // to i (fuppofing this the Ratio •( 
their Bafes^ and coiiiequendy v^li be e^oai to d*v. 

But, by thisBefcene, tbeDtftanco PW, bet«^een the Surfece of 
the Aagnant QuioldiWer and the Top of the Fluids will be aug^ 
lihented by a Colnmt), whoft Height is dv^ tlie Dlefcent of the 
compomfti Bftmm'ettti' ; atidconftiqueiitly the Weight of tHe whdlii 
Column of the Fhiid preffing <M the lower Smrface of the Qukk*: 
iilver (to which !fhe Height X h partly owing) will be encreafed 
Hy a Column of diat length y stnd this fncreafe would produce a! 
fecond Afcent of the Mercury at X equal to itfelf, namely, d'v^ 
were the Fluid as heavy as Quickiilver ; but iince it is fuppofed XA 
ht lighter in the Ratio of j to i, the Afcent of the Quickiilver^ 

d*u 
M this^ Account^ wHl oaly be --^ 

But now, a^ in the former Cafe, when t&e Afcent of the Mer- 
osry was t/, the Defcent of the compound Barometer was fhewn 

dv 

tohed<v; fo here^ the Afceiit of the Mercury being-*^ the Dc* 

fcent of the common Bar6mefer n^II be-^— — and die next De- 

dJd<v dj^ff si 

{cent * and the next ■ arid ib on to Infinity. There- 

IS y ,8 ) 

fore the whole Defcent of the compound Barometer, is to the Af- 
cent of the Mercury in^ the cofhtMcMr Barometer, diat is, » is to i 

dd ddd A ds 

fts </^— ^ h ' — I— *+* ^^' ro' »> ^ *s •*— - to 1 ; b6» 

/ ss s^ ^ S'^d 

csKok the Terms of the Series being in geometrical Proportion, die 

F Sum 
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by preiTing upto &e Surface of it at W, die Sar-- 
£ice of the Mercury at X may be raifed an Indi 
higher (meafuring from its Surface at P) than 
before ; and that the Breadth of the Cavity of 
the Tube at X» and of the Bafbn at P are fuch, 
that by this Afcent of the Mercury, there may 
be a cubic Inch of it in the Cavity X more 
than before, and confequently in the Bafbn a 
cubic Inch ie&. Now, upon this Suppofition, 
there v^ill be a cubic Inch of Water in the Ba- 
ifon more than there was before y becaufe the 
Water will fucceed the Mercury to fill up its 
Place. Upon this Account, the whole Ma- 
chine will be rendered heavier, than it was 
before, by the Wei^t of a cubic Inch of Wa- 
ter, and therefore will fink, according to the 
Laws of Hydroflatics (Chap II. §. 5. ) till a 
cubic Inch of that Part of the Rod WS, which 

Sum of thexil all i s Hence we liave «ss— -^ and there- 

fore ns •ssi ds '\' dn I that is, \ i d\i «+/ : w : : ■ : i ; 

ns 
and therefore, by extrading the iqoare Roots of each Term in the 
Proportion, i : ^d (chat is, the Diameter of ST to the Diame- 

«+' 
ter of HI) as y- to i. ^ £. i>. 

Example i. Patting j=b 14 andxa«i, the Vanatien in each 
Barometer will be equal, by taking the Diameter of ST to the 

Diameter of HI, as ^— to i, that is, as 30 to 29 nearly. 

ExamfU 1. If ff be put infinite, the Diameter of ST will be 

I 
to the Diameter of HI, as ^— to i, or i to ^ 14; that is, as 
1 to 3 I nearly. $ 

wad 
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was above the Surface of the Water at W, 
comes under it. Then, if we fuppofe this Rod 
fb fmall, that a cubic Inch of it fhall be four- 
teen Inches in Length, the whole Machine 
will fink fourteen Inches lower into the Fluid 
than before, and confequently the Surface of 
the Mercury in the Bafon will be prefled more 
than it was before, by a Colunin of Water 
fourteen Inches high. But the Preffure of four- 
teen Indies of Water is equivalent to one of 
Mercury (becaufe Water is about fourteen 
Times lighter than Mercury) this additional 
Preffure riiercfore will make the Mercury af- 
cend at X, as much as the fuppofed Variation 
in the Weight of the Air did at firft. This Afcent 
will give Room for a fecond cubic Inch of Water 
±0 enter the Baibn ; the Machine will therefore 
be again rendered heavier by the Weight of fo 
much Water, and accordingly will fubfide four- 
teen Inches farther. This will occafion another 
additional Preffure of Water, which will raife 
another Inch of Mercury^ and make the Machine 
fink fourteen Inches more, and fo on, without 
ever approaching nearer to an Mquilibrium with 
the external Air : and ther^re a Scale, anfwer^ 
ing to the Variation of this Barometer, ought 
ftridlly and properly to be of an infinite Length; 
becaufe after mis Barometer has funk or rifen 
thoufands of Miles (if that were poflible) it 
would ftill have the fame Tendency to ^nk 
or rifc on, as when it firft fet out, 

P 7, Now, 
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Now, was the Rod WS fo fmall, that a 
cubic Inch of it fhould be more than fbttrtoen 
laches long (tbeodier Pants remaining as was 
iiippoiied above) the Variation in this Barome-^ 
ter would be more than infinite, or n^atis;^ 
with ReQie($ to thofe of die common Baromer 
ten The Meanii^ of which is^ that whercasi 
in the common Barometer, the fuipended Co^ 
luma of Ma-jcury, by its xifing or falling, ap* 
proaches nearer to an Equilibrium widi mn 
external Air, this Barometer would corttinually 
recede from an ^Equilibrium with it ; £b diat 
die faxdier it fhould move up or down, inftead 
• of acquiring by that Means a lefs T^dency tq 
inove Oil, as th& Mercury in the common Baro^ 
meter does, it would acquire a greater. 

On the contrary, whm % cubic faKh ^of the 
IFtod is leis than fourteen Inches in Length, d^a 
Far iaticHi will be finite ; and may he made tq 
bear any Proportion to thofe of the common 
Barometer ^whatever, a« demonftrated in the 
for^egoing Note. 

While I am writix^ this, another Metho4 
occurs to me of making a Barometer, wherein 
$he Scale of Variation mall bear any Pronor^ 
tion to that qf the common on^. It is mis ; 
Lpt there he a compound Tube, as ABC {J^ig^ 
36.) hermetically fealed at A, and open at C^ 
pmpty from A to D, filled with Mrnxx^ firoai 
thehqe to B, and from thence to E wim Wa- 
ter; 
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ter: Then, if the Tube FC he a Iktle more 
liian five Tkncs Icfs in Diameter than the Tube 
FA, the Variation in the lower Surface of the 
Water at E will be infinite 5 if it be above fo 
jnany Times lefs, it will be more dian infinite, 
otherwise it will be finite, gee die Pemon-r 
|3:ratic«i in the Note *• 

That 

^ Let *v denote a given Variation ia the common Barometer, x 
the^correfoondent Vafiation at £ fougl|t. Let tfie Ratio c^ mto 
J, expreis that of the fpcci^ Gravjjty of Mercury ; to that of War 
ter ; and /itoi, that pf the Diameter pf the Tube FA to FC, 
Then the Variation at, £, the lower Surface of the Water, being 
fuppofed ^, the Variation pf it at B, the vipper Sur&ce of it wifl 

X 

t)e r- and confequently G£, the Difference 6f the Legs £K and 

Jd^ . X 

KB, will vary X'\-r-- Again, the Variation of the Surface ef 

Ac Mercury at B will be the Qloi/c with that of the Water in the 

X 

fame Place, i/tz. -— ; and, if the Tube is of the fame Diameter 
^t D, as at 6, the Variation of the Surfa^ at D will alfo be the 

X 

fame, that is, -r : The Sum of both Variations, or the Variation 

iid 2x 

of HD the Difference oftheLegSi will therefore be-—*. Now th^ 

PreiTure of the Mercury and Water togethq: upon the Air at £, is 
owing to the Lengths of HD and G£ ; and fince one of thejTe wili 
always (horten, when the other lengthens, the Variation in their 
PrefTure will depend on the Variation of the Difference of their 
Weights, that is, of the Difference between the Weight of ;r-{r 

X 2X X 

— and of — But the Weight of ;e-^— • (being the Weight of 

iiii dd* dd 

a Column of Water) compared to that of a Cobunn of Mercury of 

;|ie feme Length, is only — — . The Difference therefore be- 

tn tween 
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Th^t the Variation in this Barometer may 
be infinite, will appear from the following 
Computation. 

Let the Proportion between the Bores of the 
Tube AF and FC be fuch, that when HD, 
(he Difference of the Legs wherein the Mer- 
cury is contained, is augmented one Inch, G£ 
the Difference of the Legs, wherein the Water 
is contained, fhall be diminifhed fourteen ; then, 
as much a; the Preffure of the Mercury is aug- 
mented, diat of the Water will be diminifhed, 
and fo the PrpfTure of both taken together will 
remain as it was. And confequentfy, after it 
has began, to rife, it will always have the fame 
Tendency to rife on, withput ever coming to 
an Equilibrium with the Air. 

How far this Barometer vrill fucceed in Prac- 
tice, mufl be left to Experience to determine. 



*+S zx 



iween ^aod — will always be equal to (he Variatioo in 

m dd 

the common Barometer, and therefore = v, and by 

dd m 
vmdd 
the common Method of Reduftion,;r=» ■: That is, jp : 

2m—rdd'~^ I 
fv : : rndd: zm-^dd^^i. Now, if we put i»=i4, and ^==5, ^, 
-^dd and— I will be as much as 2w, and therefore ^m — dd^\ 
will be equal to nothing ; and fo x being by the Proportion as 
many Times more than 1;, as mdd is than nothing, 'tis infinite. 
And if w be put»ii^, and</=5, mdd will be fcqual to 350, 
and 2« — dd — i=Br2 ; and therefore the V^ariaiions, in this Cafe, 
ij/iil be to thofe in the common Baiometer, as 1 75 to one. 

Pro- 
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Probably, if the Bore of the Tube FC be made 
very fmall, vix. about the twentieth Part of 
an Inch Diameter, the Air will not afcend 
through the Water, as it is apt to do through 
the Mercury in the pendent Barometer; and 
the Smallneft^ the Bore will not prevent the 
Water, from moving, near fo much as it does 
the Mercury in that Barometen 

There is an Improvement of another Kind 
in the common Barometer, whereby it is ren- 
* dered portable. The Tube containing the 
Mercury, inftead of having its lower End im- 
merged in a Veffel of that Fluid, has it tied 
up in a leathern Bag, not quite full of Mercu- 
ry. And though the external Air cannot get 
into the Bag to fufpend the Mercury in the 
Tube, by preffing on its Surface, as in the 
common one ; yet it has the fame EfFedt by 
preffing on die Outfide of the Bag, which, being 
pliant, yields to the PrefTure, and keeps the 
Mercury fufpended in the Tube at its proper 
Height, Thfe Bag is generally inclofed in a 
little Box, through the Bottom of which pafTes 
a Screw; with this Screw the Bag may be 
compreffed, h as to force the Mercury up to 
the Top of the Tube ; which keeps it fteady, 
and hinders it from breaking the Tube by dafh- 
ing againft the Top when it is jjorried about, 

as it othenvife would be apt to do, 

\ 

See 
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DISSERTATION V. 
Of the Origin of the Winds. 

HE Wind is no other, than the Mo^\ 
tion of the Air, upon the Surface, of 
flie Globe. , Some df the Ancients took it 
to be Air,^ riifhing out of the Bowels and 
Cavities of the Earth i And others thought it 
an Exhalation from its Sdrface. Biit theic 
are Hypothefes top thlmerical to ftand in 
Need of a particular Confutation, Some of the 
Modems; who held a Plenum, have account- 
ed for nt thus'. They imagined, that the Air 
being confined above^ as it muft be^ if we fup- 
pofe a Pknuniy would^ when more than or- 
dinarily rarefied^ or flocked with Vapours, 
drive away the fteighbourin^ Air, in order to 
make room for itfelf ; and by this Mearis occa- 
lion a Wind, Others, obferving a conflant 
and perpetual ?aflerly Wind to blow at the 
Equator^ afcribed its Origin to t;^^ diurnal 
flotation of the Earth, about its Axis from 
Wefl to Eaflj which they thought would 
bccafion the Air apon its Surface, to feem to 
move the contrary Way, being in fome Mea- 
fure left behind. But, whereas there arc 
Winds, in ibme Places near the Equator^ 
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that blow on odxcr Points of Ac Compafe 
(as wc (hall fee hereafter) diis Hypothefis is 
infufficicnt. Befides, the Air premng upon 
the Surface of the Earth by its Gravity, like 
other Bodies ; and having nothing to hinder it 
froni moving freely along with it, muft neceffa- 
rily, in Time, acquire an equal Degree of Ve* 
locity, and fo keep Pace with it, all the Way 
round. 

The principal Caufe of the Wind, 6r, in 
other Words, of the Air*s moving from Place 
to Place, upon the Surface of the Earth, is 
the Atmofphere's being heated over one Part 
more thaii over another. For, in this Cafe, 
the warmer Air, being rendered ipeciiically 
lighter than the reft, rifes up into the fuperior 
Parts of the Atmofphere, and there difFufes it- 
felf every Way j while the neigbouring infe- 
rior Air rufhes in from all Parts at the Bottom, 
to reftore the Equilibrium. 

Upon this Principle it is, that moft of the 
Winds may be accounted for. 

To begin with thofe which. blow txnder the 
Equator. 

I. Vndct the Equator J the Wind is always 
obferved to blow from the Eaft Point *. 

For, 

* For the Reader's Eafe (who perhaps is not fiu-nifhed 
with the Philofophicai Traofadions) I fhall here inktt bv Way 
of Note, from Dr. Ha/ley s Account, fo much of thcHiftory of 
the Winds, as may be neceiiary for the underfti|iidiog this Theory. 

'* I'hc 
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For, luppoiing the Sun to continue vertical 
over fome one Race, the Air will be moft ra- 
refied there; and confequently, the neighbour- 
ing 

•♦ The univerfal Ocean, fays he, may moft properly be divided 
•• into three Parts, viz. i. The Atlantic and Mthio^ic Seas. 
'< 2. The Mian Ocean. 3. The great ^m^/i^ Sea, or the Piir^^: 
*« Ocean. 



4f 
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" I. In the Atlantic znA JSthiopic Seas, between the Tropics^ 
there is a general eafterly Wind all the Year long, without 
** any confideiable Variation ; excepting, that it is fubjed to be 
** deileded nKerefrom, fome few Pomts of the Compafs, towards 
** the North, or South, according to the Pofition of the Place. 

'^ I. Near the Qodi'^ of Africa ^ as foon as you have pafTed the 
'* Canary Ifles, you are fure to meet a freih Gale of North-eaft 
•* Wind, about the Latitude of twenty- eight Degrees North ; 
•* which feldom comes to the Eaftwards of the Eaft-north-eaft^ 
or pafles the North-fionh-eaft This Wind accompanies thofe 
bound to the Southward, to the Latitude often Degrees North^ 
and about an hundred Leagues from the G»/>^^i Coaft ; where, 
till the fourth Degree of North Latitude, they fall into Calm^ 
** and ^ornadoes^ or fudden Storms. 

** 2. Thoie bound to the Carihhe Ifles, find* as they approach 
*' the American Side, that the aforefaid North-eaft Wmd be- 
*' comes ftill more and more eafterly, fo as fometimes to be Eaft, 
** fometimes Eaft by South, but vet moft commonly to the Northr 
*• wardof the Eaft, a Point or uvo, feldom more. *Tis likewife 
obferved^ that the Strength of theie does gradually decrea(e| 
as yo» fail to the Weft ward. 

3. That the Limits of the Trade and *variahU Winds in 
this Ocean, are farther extended on the American Side, thaif 
the African I for, whereas you meet not with ^his certain 
'' Wind, till after you have pafs'd the Latitude of twenty eight 
** Degrees on this Side i on the contrary Side it commonly holds 
** to thirty, thirty-one, or thirty-two Degrees of latitude ; and this 
*< is verified likewife to the Southward of the JEquin^Siali for 
** near the Cape of Good Hofe, the Limits of the Trade Winds are 
*< three or fionir Degrees nearer the Line, (han on the Coa(| 
J* of Brazil. 

9^^ ' •' 4. That 



«< 
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ing Air will rafti in from every Quarter witf^ 
equal Force. But, as the 3un is contiaually 

ihifting to die Weftward^ the Part, where ^ 

'' .'*•■'' ■ ' ' • Air 



«« 4. That from the I^itude of four Degttes North, t(^ 
** the aforefa id Limits on the South Side of itkt iquMior, (he 
<< Winds are generally and perpetually between the South 
** and Eatl, and mod compionly between the South-eaft and 
<* Eaft ; obferving always this Rule, that on the African Side, 
«< they are more foorherly, on the Brafiliau more ea&erly, fo as 
«'- to become almoft due Eaft» the little Deflexion they have be^ 
** ing dill to the Southward. In this Part of tlie Ocean, '\\ 
** has been my Fortune to pafs a full Year, in an' Em|doy- 
^* ment that obliged me to regard more than ordinarily the 
** Weather, and I found the Winds conilantly about the 
<* South-eail, the mod uiiial Point South-eall by Raft: When 
*< it was eafterly, it generally blew hard, and was gloomy, 
** dark, and fometimes rainy Weather: If it came to the South« 
«* wards, it was |^enerally ferene, and a fmall Gale next to a 
*^ Calm ; but this not veiy conunon. But I ne\'er (aw it to the 
** Weilwards of the South, or Noithwards of the £a(l. 

'' (;. That the Seafon of the Year has fome Tmall Efk€t on 
'* theie Trdife Winds ; for that when the Sun is coniiderably tb 
** the Northward of the Equatgr^ the South-eaft Winds, eJjpe- 
** cially in the $treight of this Ocean (if I may id call it| 
^* betweeh BrafiU and the Coaft of Guinea^ do vary a Point or 
*' two to the Southward, and the North-eaft become more 
*^ eaUerly ; and, on the contrary, when the Sun is towards the 
'' 7ropie of Cafricorn^ the Southreailerly Winds becmne mon 
f' eafterly. and the North-eafterly Winds, on this Side th^ 
'* Lin£, veer more to the Northward* 

*' 6. That as there is no general tlule, that admiu not of foaxe 
** Exception, fo there is in this Ocean a TraA of Sea, whoeiii 
" the loutherly and South* well Winds are perpetual, wz. all 
*' along the Coaft of Gtdtna^ for above five hundred Leagues tb^ 
'* gether, from Sierra Leona^ to thelfle of St. ^fiomas: Fcm; 
*\ the Sduth-eaQ ^r^ide Wind having paIsM the Liue^ and ap^ 
'* proaching the Coaft of Quimk within eighty or ao hundred 
** Leagues, inclines towards the Shore, and becomes Souti^fouthi 
** ea^ ; and by Degrees* as you come nearer, it veers about to 
^^ South, Sooth-fiNitn-weft, and in with the Land Soutb-weft, and 
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Air is moft rarefied, is carried the £ime Way : 
iind tiierefore thcTendcnqy of all the lower Air, 
taken, together, is. greatteir that Way, than any 

Qther. 



** (bmetimes Weft fiiBth.wdl. Thefe arc the Winds which are 

V ohferved onthis Coafl when it bk)w$ true ; but there are fre- 
q^iCDt Cairns, violent fudden Gufls, called %rnadaesi from all 
Points of the Compafs, and fotnetimes unwholforhe foggy 
cafteriy Winds, called Hermita^ by the Natives, which coo 

•* often infeft the Navigation of thefe Parts 

7. That to the Northwards of the Line^ befween four and 
tea Degrees of Latitude, and between the Meridians of Capi 
** Vtrde^ and of the eaUermon; Iflands that bear that Name, there 
f * is a Tra6i of Sea, wherein it weie improper to fay there it 
** any ^rade Wind, or yet a fmriaUi^ ; for it teems condemned to 
** perpetual Calms, attended with terrible Thunder and Light- 

V ning, and Rains fo frequent, that our Navigators from thence 
•'* call this Part of the Sea, thc^ Rains : The little Winds that 
f* are, beiflg only. £omt certain Gufls, of very little Con'ci- 

V nuance, and lefs Extern; fo that ibmeti men ealch Hocrryoa 
** ihall hkve a difl^ent Gale, which dies away into a Calm 
** before another fncceeds : And in a Fleet of Ships in Sight of 
** one another, each (hall have the Wind from a feveral Point of 
** the Compafs : With thefe wwak Breezes, Ships are obliged to 
•< makfr the befl: of their Way to the Southward, through the 
y aforefaid fix D^ees; wherein it is^ reported ibme have been 
** detained whole Months for want of Wind. n" 






** U, In the Ltdiau Otean^ the Winds ane partly general, 
f' as in the >£/^/(^if Ocean; partly periocKca), that is, half 
** the Year they blow one Way, and theod^er half, near upon 
f ^ the oppofile Points ; and thefe Points and Times of (hiftmg^ 
M are di&rent in different Parts of this Ocean. 

** I. Between the Latitudes of ten Degrees and thirty' Degrees 
*• Soath, between Madi^fiar and Holiandia mvaj t}»Ge9u^ 
•* ral Trade- Winds about the Soutb-eail and by Bail, arefoirad' 
'< ID blow all the Year long, to all Intents and Purpofes, 
'< afier the fame Manner, as in the fame Lati^des in the 
*^. AUhi^c Ogbu^ as it is defcrjbed in the fourth Remark 
<^* afoxcsoing. 

-•V 
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other. Thus the Tendency of the Air to- 
wards the Weft, becomes general, and its 
Parts impelling one another, and continuing to 

move 



** 2. That the aforeikid South-eaft Winds extend to within 
^ two Degrees of the Equator, during the Months of Jtme,. 
<* Jafy^ and Avgufii &c. to N»^em^er, at which Time, between 
<« the Sottth Latitude of three and ten Degrees, being near the 
•^ Meridiaii of the North End of Madagafcar> and between two 
« and twelve South Latitude, being near Sumatra and Java ; 
•* the contrary Winds from the North-weft, or between the 
<« North and Well, fet in, and blow far half a Year, 'oix, 
•* from the Beginning of Decimber till May .- And this Msn^ 
«< Jt9n is obferved as Sir as the Mdueca liks. 

«< 3. That to the Northward of three Degrees South Lati- 
** tade> over the whole Arabian and Indian Sea^ and Gulf of 
«* Bengals from Sumatra to the Coaft of Jfrica* there is another 
<< MonfiWi blowing from O^oher to .Jprih upon the North- 
«< eaft Points : Bat m the other half Year, from April to O&obtr, 
•* upon the oppofite Points of South-weft and Weft-fouth-weft* 
« and that with rather more Force than the other, accompanied 
•< with dark» rainy Weather; whereas the North-eaft blows dear. 
«< Tis likewife to be noted, that the Winds are not fo conftant, 
<* either in Strength or Point, in the Gulf of Bet^ait as they 
«* are in the Indian Sea, where a certain fteady Gale fcarce ever 
" &ils. *Tis alio remarkable, that the South- weft Winds, in' 
^ thtit Seas, are generally more footherly on the African Side^l* 
•* and morewefterly on the Indian. 

» 4. There is-a Trad of Sea to the Southwards of the 
*' Efuatort fah}e£k to the fiime Changes ef the Winds, 'vise. 
•* near the African Cooft, between it and the Ifland Madagafiar, 
«' or St. Laurence^ and from thence Northwards, as far as the 
" Line I wherein from April to OSober^ there is found a con- 
«< ftant freih South-fouth-weft Wind, which, as you go more 
•* northerly, becomes ftill more and more wefterly* io as to fall 
«< in with the Weft-ibuth-weft Winds, mentioned before in thole 
«• Months of the Year to be certain to the Northward of the' 
« Equator. What Winds blow in thofe Seas, for the other 
«< half Year, I have not yet been able to obtain to my fall Satif^ 
•< fadUon : The Account which has been give&me,is only this, 

. •* Tha^ 
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move till the next Return of the Sun^ fo much 
of its Motion as was loft by his Abfencc, 
is again reftored, and therefore the eafteily 
Wind becomes Perpetual. 

. Some 



«< That the Winds are much eafterly hereabouts, and as often to 
« the North of the trae Bad, as to the Southward thereof. 

•< ^. That to the Eaftward of Sumatra And Malacca, to the 

«< Northwards of the Line } and along the Coaft of Camhia 

** aiid China, the Mon/ooiu blow North and South ; that is to 

«< fay* the North-ead Winds are much >northerly, and the 

«< South-well much foutherly.' This ConiUtution reaches to the 

« Eadward of the PbilMne Ifles» and as far northerly as 

<^ Japan ; the northern Mon/osn fetting in, in thefe Seas, in 

** 0£ioUr Qt No^embir ; and the fouthern in Mct^, blowing all 

<' the Summer Months. Here it is to be noted, that the Poiatsof 

** the Compafs from whence the Winds come, in thefe Parts of 

•« the World, are not fo fixed, as thofe lately defcrlbed » for the 

" {butherly will frequently pafs a Point or two to the Eaftwaids 

*i of the South, and the northerly as much as to the Weflwards 

«' of the North, which feems occaiioned by the great Quantity 

« of Land which is interperfed in thefb Seas. 

** 6. That in the fame Meridians, but to the Southwards of 
<• the EquatoTf being that Trad lying between Sumatra and 
** ya'va to the Welt, and New Guinea to the Eaft, the fame 
<« northerly and foutherly Mon/oons are obferved ; but with this 
«* Difference, that the Inclination of the northerly is towards 
*• the North -weft, and of tlie foutherly towards the South-eaft: 
«* But the Plague Venti are not more conftant here than in the 
** former, ir/ss. ^variable five or fix Points. Befides, the Times of 
u the Change of thefe Winds are not the fame, as in the Cbinefe 
« Seas, but about a Month, or fix Weeks later. 

** 7. That the contrary Winds do not fhift, all at once, bat ia 
<< fbme Places the Time of the Change is attended with Calms* 
« in others with variable Winds ; and it is particularly remark* 
** able, that the End of the weflerly Men/oon, in the Seas of 
«< China, are very fubjcd to be tempeftuous. The Violence of 
*• thefe Storms is fuch, that they feem to be of the Nature of the 
• < Wcji India Hurricanes, and render the Navigation of thefe Pares 
«< very unfafe about that Time of the Year. I'hefe TcmpeAsare 
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Some are inclined to dunk; that the con^ 
tinual (hifting of the Sun to the Weftward; 
fliouid produce a wefterly Wind linder the 
Equator^ by caufing the Current cS the Airfroni 
Ac Weft tt) exceed ' and over-balance that; 

*^ bX oar Seameo ; Qfuafly texnCA the Brcakf^ nf of the Mon* 
" foons. 

•^ III. The Third Ocean, called Mare Pdcificum whole Er- 
«• tcftt is equal to that of the other two (it being from the Weft 
^ Coali oiAiherica to the Philifpine lilands, not iefs than an hun- 
** dred and fifty Degrees of ix)ngitude} is that which is leaft 
«* kaown to our own, or the neighbouring Nations -.That Navi- 
** gation that there is on it» is by the Spaniards i who go 
*« yearly from the Coaft of Ne^ Spain to the Manilba\ : Buf 
«• that but by one beaten Track ; fo that I cannot be fo particular 
*« here, as in the ether Two. What the Spaniflj Authors (ay of 
•• the Winds, they find in their Coorfes ; and what is confirmed 
** by the old Accounts of Drake and Candi/by and fince by 
" Schooien, who failed the whole Breadth of this Sea, in the, 
** footh^rn Latitude of fifteen or fixteen Degrees, is, that there is 
** a great Conformity between the Winds of this Sea, and thofc 
•* of the Jtiantkznd Ethiopic; that is to hy^ that to the North- 
•• wand of the Equat9r, the predominant Wind is between 
** the Eall and North-eaft ; and to the Southwards thereof, there' 
*« is a conilant, fteady Gale, between the Eaft and South-eaft.' 
« and that on both Sides the Line, with fb much Conftancy, chat. 
** they fcarce ever need to attend the Sails; and flrength, that It 
*• is rare to fail of croffing this vaft Ocean va ten Weeks 
" Time ; which is about an hundred and thirty Miles a l^2iY r 
'« BeTides, 'tis faid, that Storms and Tempefts are never known 
** in thefe Parts, wherefore fome have thought it might be^ 
«* flwrt a Voyage to Japan and China, to gO by the Sireights of 
*< Mage/Ian, as by the Cape of Good Hope, / . 

" The Limits of thefe General Winds are |ftuch the fame 
as trt the Atlantic Sea, *ih%. about the thirtieth Degree of La- 
titude on both Sides. Befides, a farther Analogy between the 
Winds' of this Ocean> and the Etbiopie, appears in that, 
that upon the Coafts of Peru, they are suways much foatherIy»- 
jike as they are found ntear the Shores of Angola. 

#hkh 
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tvhich oppofes it from the Etft. For, where-^ 
as the eaftern Air retains its Heat fome time 
after the Sun is removed from it. it muft aU 
ways be rarefied to a greater Degree, and 
alfo to a greater Diftance from *» the Place to 
which theSun is veftical, than the weftern Air 
is; and therefore the weftern Air, being more 
ponderous, (hould be an Over-balance for the 
eaftern, and drive its Current before it* 

But it is to be obferved, that we are not to 
confider the Point to which the Sun is ver- 
tical, but the Point of grcateft Rarefadlion 
(which, upon Account of the Sun's Motion to 
the* Weft ward, lies always to die Eaftward) j 
and then fee, which Side of the Column of 
Air, incumbent over that Point, fuftains the 
greater Preffure from the ndghbouring Co- 
lumns. Now, aldiough the Air is rarefied 
even farther to the Eaft of this^ Point, than 
to die Weft, yet ftill, if we fuppofe the Point 
to keep its place, the Air over it will fuftain 
an equal Degree of Prcflure on each Side. 
For, fince no Column can be affijned on the 
weftern Side, but one alio on tfie eaftem, 
may be found under an equal Degree of Rare- 
faction, and therefore of the fanfie ipeclfic Gra- 
vity : And fince Fluids of equal Heights, and the 
fame fpecific. Gravities (v^tcver be the 
Breadth of their Columns) pcefe equally againft 
equal Objed% ( Chap. I. §• 9. ) 'tis very 
evident, that the Column of Air, over the 

R Point 
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Point of greatefl Rarefadion, is prefTed equal- 
ly both Ways ; and fo, upon this Suppoiition, 
each Wind will blow towards that Point with 
equal Force But, if we fuppofe the Point of 
greatcft Rarofaftion to fliift towards the 
Weft, we (hall find, that this Mquilibrium 
will by that Means be deftroyed, and the 
Motion of the Air (tipon the wholcj dcter^ 
mined that Way. For let us ponfider any 
Portion of the weftern Air approaching to- 
wards the Point of greateft Rarcfaftion, if 
that Point fhifts^ in the mean Time^ towards the 
Weft, then will that Portion reach the laid 
Point fooner than it otherwife would have 
done ; thereby lofing a Part of its Motion, by 
which Means the wcfterly Current will be dimi- 
nifti'd. Again, if, while the Eaft Wind blows 
towards the Point of greateft Rarefadtion, that 
Point moves on before it, then will the eaftern 
Air have a greater Quantity of Motion, than 
It otherwife would have had; that, which 
fhould have been an Impediment to it, being, 
upon this Suppofition, in fome Meafure with- 
drawn ; and io the Eaft Wind will be aug« 
mented. Thus, the Weft Wind having its 
Force Icfleny by the Motion of the Suni and 
the Eaft one bemg increafed, the latter at 
length as it were abforbs the former, and car- 
ries it away in its own Dire&ion. 

2. On each Side . of. the Equator^ to about 
the thirtieth Degree of Latitude, the Wmd is' 

found 
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found to vaty from the Eaft Point, fo as to be-- 
come North-eaft on the northem Side, and 
Sou(h-eaft on the foudiem. 

The Reafon of which is, that, as the equa- 
torial Parts are hotter than any odier, both 
the northern and fouthem Air, ought to have 
a Tendency that Way ; the northern Current 
therefore, meeting in this Pafiage with the 
caftern, produces a North-eaft Wind on that 
Side J as the fouthern Current joining with the 
fame, on the other Side the Equator^ forms 
a South-eaft Wind there. 

Thefe two Propofitions are to be under- 
ftood of open Seas, and of fuch Parts of them 
as are diftant from the Land ; for near the 
Shores, where the neighbouring Air is much 
rarefied, by the Refle(3:ion of the Sun's Heat 
from the Land, it frequently happens other^ 
wife particularly^ 

3, On the Guinea Coaft, the Wind always 
fets in upon the Land, blowing wefterly in-? 
ftead of eafterly. This is becaufe the Defcrtg 
of Africa lying near the Equatory and being 
a very fandy Soil, refled: a great Degree of 
Heat into the Air above them. This therdfore 
being rendered lighter, than that which is 
over the Sea, the Wind continually rulhes in 
upon the Land to reftore the Equilibrium, . 

4. That Part of the Ocean, which is called 
the RainSy is attended with perpetual Calms^ 
the Wind fcarce blowing fenfibly either one 

R 2 Way 
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Way t)r other. (See its Situation defcribed in 
Note, Page 1 1 9, Remark 7th). For this Traft 
being placed between the wefterly Wind blow- 
ing from thence towards the Coaft of Guinea ; 
and the eafterly Wii^d blowmg from the fame. 
Place to the Weftward thereof, the Air ftands 
in Mquilibrio between both, and its Gravity is 
fo much dimini(hed thereby, that it is . not able 
to fupport the Vapour it contains, but lets it 
fall in continual ^ain, from whence this Part 
of the Ocean has its Name. / 

5. There is a Species of Winds, obfervable 
in fome Places within the Tropics^ called 
by the Sailers Monjhons^ which, during fix 
Months of the Year, blow one Way \ and the 
remaining fix, the contrary. 

TheOccafion of them in general is this: 
When the Sun apprc^wrhes the northern Trefic^ 
there are feveral Countries, as Arabia^ 'Per^ 
jfo, India^ &c. which become hotter, and 
refledl more Heat than the Seas beyond the 
J^quaUr^ which the Sun has left ; the Winda 
therefore, inftead of blowing fron> thence to 
the Parts under the Equator^ blow die con- 
trary Way; and when the Sun leaves thofe 
Coiintries, and draws near the other Tro^ 
pic^ die Winds turn about, and Wow on the 
oppofite Point t£ the Compais. 

The Regularity of thefc Wincte making 
Acm more than ordinarily ufefol in Naviga-? 
tion, diey are fronj thence called ^raie 

Winds, 
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Winds. As to other Circumftances relating 
to them, and the particular Times and Places 
of the Monjbonst &c. See the Hiftorical Ac- 
Count in the foregoing Note ; all which might 
eafily be folved upon the fame Principle, had 
we Data io go upon, and were all the fcveral 
Circumftances of Situation, Heat^ Cold, &c. 
Efficiently known *. 

From the Solution of the general Trader 
Winds^ we may fee the Reafon, why in the 
Atlantic Ocean, a little on this Side the 
thirtieth Degree of North Latitude, or there- 
abouts, as was obferved in the foregoing 
Piflertation, there is generally a Weft, or 
South-weft Wind. For, as the inferior Air, 
within the Limits of thofe Winds, is conftant- 
ly rufliing towards the Equator^ from the 
North-eaft Point, or thereabouts, the fuperior 
Air moves the coi>trary Way ; and therefore 
after it has reached thefe Limits, and meet^ 
with Air, that has litde or no Tendency to 



* Some have thought, that the Regularity of the general Tra^ 
Winds is partly owing to the diurnal Motion of th« Moon from 
Bail to Weft. For» as the Sun renders the Air I'pecifically ligheet 
by its Heat, fodoes the Moon by attra£Ung it« in the fame Man* 
ner. as it does the Sea> in raifing the Tides. But it is to be ob- 
ferved, that as the Moon a6b with the greateft Force upon thm 
fuperior Parts of the Air, and as thofe iuperior Parts are oncon* 
£ned, and therefore more at Liberty to ruih in* in Order to re« 
ftore the JEfuiBhrium ; it will from hence follow, that the rufhing 
in of the fuperior Parts of the Atmofphere will principally con* 
t;ribute towards reiloring the Equilibrium ; and fo the 'Motion, 
produced below, will be very inconfidorable. 

any 
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any cme Point more than to another, by Reafbn 
of the Sun's Diftance, it will determine it to 
. njoVe in the fame Dircdtion with itfelf. 

In our own Climate we frequently expe- 
rience, in calm Weather, gentle Breezes blow- 
ing from the Sea to the Land, in the Heat of 
the Day ; which Phenomenon is very agree- 
able to the Principle laid down above : For 
the inferior Air over the Land being rarefied 
by the Beams of the Sun, reflected from it$ 
Surface, more than that which impends over 
the Water which reflects fewer, the latter is 
conftantly moving on to the Shore, in order 
to reftore the Mquilibrium^ when not di* 
fturbed by ftronger Winds from another Quar^ 
ter *. 

From what has been obferved, nothing is 
more eafy than to fee, why the northern and 
fouthern Parts of the World, beyond the Lir 

mits of the Trade Winds, are fubjeft to fuch 

* 

* In Confirmation of thi*, we have an eafy, and very per- 
tinent Experi men ty related by Mr. Clare^ in his Motion of Fluids. 
•' Takcyiyi he, a large Di(h, fill it with cold Water ; into the 
•« Middle of this put a Water-Plate, filled with warm Water. 
•* Thefirft will reprefent the Ocean ; and the other an Ifland, 
•' rarefying the Air above it. Blow out a Wax Candle, and if 
*« the f iace be ftil*, on applying it fucceffively to every Side of 
** the D5(h, the fuliginous Panicles of the Smoak, being vifible 
« and very light, will be feen to move towards the Plate, 
•• and rifing over it, point out the Courfe of the Air from Sea 
« to Land. Again, if the ambient Water be warmed, and the 
•' Plate filled with cold Water, let the fmoaking Wick of the 
^ Candle be held over the Plate, and the contrary will happen. 

Variety 
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Variety of Winds. For the Air, upon Ac- 
count of its Diftance froni the Equator^ being 
undetermined to move towards any fixed Point, 
is continually fhifting from Place to Place, in 
Order to reftore the Equilibrium^ wherever it 
is deftroyed ; whether by the Heat of the Sun, 
the riling of Vapours, or Exhalations, the melt- 
ing of Snow upon the Mountains, and a great 
Variety of other Circumftancesj, more than 
, can be eafily enumerated. 

We are told by Hiftorians, of certain Caves 
that emit Wind ; if fo, it is when the included 
Air is rarefied by Heat, and therefore ruflies 
out for want of Room ; or, when the Preflurc 
of the external Air, incumbent upon the Mouth 
of the Cave, is diminiftied, and fo permits the 
internal Air to dilate itfelf, and iflue out. 

For more on this Subje6t, fee Nieuwentyf^ 
Religious Philofopher. Regnault's Philofo- 
phical Converfations. CA^r^'s Motion ofFluids, 
Martin's Philofophical Grammar. And the 
Authors referred to in Mr. John/Gn's Quasftiones 
Philofoph. Cap. JV. Quaeft. i. 2. 
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DISSERTATION VI. 

Of the Formation^ and Afcent of ya^ 
poursy and their Refolution into 
Rain, SnoW) and HaiL 

THAT Vapours are raifed from o^ the 
Surface of Water by the Adion of the 
Sun*s Heat, is agreed on by all : But the 
Manner in which this is done, has ever been a 
Controverfy among Philofophcrs ; neither is it 
at this Time fufficicntly expain'd by any one. 

If we confult a Cartefian upon diis Matter, 
he immediately tells us, that, by the Adion 
of the Sun upon the Water, finall Particles of 
the Water, are formed into hollow Sj^res, 
filled with Materia Subtilisy and 1^ that 
Means becoming lighter than an equal Bulk 
of Air, are eafily buoyed up in it But,,gs 
this Materia Suptilis is only a Fiction, the So- 
lution is not to be regarded. 

Dr. Nieuwentyt^ and feveral other Philo- 
fophcrs, who maintain, that Fire is a parti- 
cular Subftance, diftindt from other Matter, 
account for the Formation «uid Afcent of Va- 
pours thus : They fay, that the Rays of the 
Sun, or Particles of Fire feparated from them, 
adhering to Particles of the Water, make 

up 
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hp little Bodies, lighter than an equal Balk 
of Aif J whkh therefore, by the Laws of Hy-^ 
droftatic% will a^end in it, till ^ey come ta 
an Height where the Air is of the fame ^jcci- 
fic Gravity with themfelyes; And^ diat Rain 
is pitxhiced by the Separation of the f^articles 
of the Fire rrotn thofe of the Water; which 
laA, being then left without Support, can no 
longer be fuflained by the Air, but falls ddwri 
in Drops of Rain *. • 

This Opinion is liable to the following Dif^^ 
ficiilties ; -F/Vy?, Fire has never been yet pro-^ 
Ved to be a diftinft Element, or a particular 
SubfVance -f* 5 and the Chisinge of Weight in 
Bodies in chymical Preparations^ heretofore 
thought to arife from the Adhefion of Particles 
(of Fire, is found to proceed from the Adhefion 
of Particles of Air §. 

Secondly^ ^ould the above-mentioned Sup^ 
pofition be allowed^ the fiery Particles, which 
are joined to the watery ones to buoy them 
up, muft be confiderably krge, or elte a very 
great Number muft fix upon a fingle Particle 
of Water 5 and then a PerfoUj being on the Top 
oi an Hill in a Cloud, would be fenfible (tf 
the Heatj and find the H^nn produced from 
that Vapour, much colder than the Vapoar it- 

* Sob Nkunmutftt Religioils Philofopher,^ Contempl. 19. 

f Scfi the Auttuurs referitd to ia Mr. Johnfoii^ QjxiUohci 
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i ^^ Dr. Hales^ in hii vtpetahli Statics 



132 of the Formation and Part II, 

felf : whereas the contrary is evident to our 
Senfes ; the Tops of Hills, diough in the 
Clouds, being much colder than the Rain 
which fells below. - 

Befides, the Manner in which the Particles 
of Water ftiould be fcparated from thofe of 
the Fire, fo as to fall in Rain, is not eafily to 
be conceived. 

The moft generally received Opinion is. 
That by the Aftion of the Sun, on the Surface 
of the Water, the aqueous Particles become 
formed into Bubbles, filled with a Flatus^ or 
war^ Air^ which renders them fpecifically 
lighter than common Air, and makes them 
rife therein, till they meet with fuch as is of 
the fame fpecific Gravity with themfelves *. 
But I ask, 

Fir/t^ How comes the Air in the Bubbles to 
be fpecifically lighter than that without, fince 
the Sun's Rays, which adt upon the Water 
from whence they are raifed, are equally denfe 
over all its Surface ? 

Secondly^ If it could be poflible for rarer 
Air to be feparated from the denfer ambient 
Air, to form the Bubbles (as Bubbles of foaped 
Water are blown up by warm Air from tihe 
Lungs, whilft the ambient Air is colder and 
denfer) what would hinder the external Air 
from reducmg that, which is inclofed in the 
Bubbles, immediately to the fame Degree of 

* Pbilofophical Tranlk^ons) N^ 19a, 

Cold- 
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Coldncfi, and ipeciiic Gravity with itfelf; 
(Cold being readily communicated through 
fuch thin Shells of Water), By which means^ 
the Bubbles would become fpecifically heavier 
than the circumambient Air, and would no 
longer be fupported therein ; but fall down, 
almofl as foon as they were formed ? 

Thirdly y If we Ihould grant all the reft of 
the Suppofition, yet the following Difficulty 
will flill remain. If Clouc^ are made up of 
Bubbles of Water filled with Air, why do not 
thofe Bubbles always expand, when the ambi^r 
ent Air is rarefied, and preffes lefs upon them 
than it did before \ and why are they not con<p 
denfed, when the ambient Air is condenfcd by 
the Accumulation of the fuperior Air ? But if 
this Condonfation and Rareiaftion fhould hap- 
pen to them, the Clouds would always conti^ 
nue at the &me Height, contrary to ObfervaT 
lion ; and we fhould never have any Rain. 

The two laft Opinions are more largely ex-s 
amined by Dr» Defaguliers in the Philofophi-p 
cal Tranfa£kions N^. 407. After virhich he 
pndeavour9 to eftablifh one of his own. 

He obferves, with Sir Ifaac Newton^ tha^ 
when by Heat or Fermentation the Particles 
of a Body are feparated from their Contadt, 
their repulfive Force grows ftroixger, and the 
Particles exert that Force at greater Piftances ; 
(o that the lame Body ihall be expanded into 
^ very Urgp Space, by becoming fluid j and 

S a piay 
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fnay fomctimes take up more thap a MiOiolt 
of Times the Room k did ki a iolid and in«- 
compreffiblc State. ^' Thus, fays he, if the 
♦• Particles of Water arc turned intb Vapour, 
^^ by repelling eachodaer fhxxigly^ andrqxd 
** Air more man daey repel eadi otho: ; Ag- 
* ■ grcg^tes bf fuch Particles, made to of Va- 
^ pour and Vacuity, may rife in Air of different 
" Dcnfitie% according to their of^n Denfity 
•^ depen4ing on their Degree of Heat." He 
obferves farther^ that Heat a^ more pow^- 
folly on Water, than on common Air ; for that 
the iame Degree of Heat, which rarefies Air 
two Thirds, will rarefy Waieriiear fourteen 
tfaoufand Times, changing it into Steam or 
Vapour as it boils it. And m Wnter, that 
fmall Degi^te of Heat, which m Retyped: of cur 
Sodies appears cold, will raHe a Steam cr Var 
pour from Water, at ihe faime Time dbaft it 
condenles Air. Lsuftiy, he dbi^rtres^ That the 
Den^ty and Rarity of this Vapour depends 
4shiefly on its Degree of Heat, and hut little 
on the Prcffiue of the drcumambient Air. Frosq 
all which he infers*, That the Vapour being 
mons rarefied near the Sar&ce xsf die Earth, 
than the ^i^ is there by the faime Degree of 
Heat, muft neoeflarily be buoyed up into the 
Atmo^h^re ^ and fince it does not expand it-r 
isM much, thoi:^ the Prcffuite of fbe incumr 
jjent Air grows lef% at leng|di it 4ndfe a Place 
IRrhcrc the Atmto^hcrc 'is csf iht 4kme ^)edfic 

pravity 
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Gravity vrida itfelf, and there floats, till by 
|bme Aociifint or other, it is converted again 
into Drops of Water, and falllB down in Rain, 

And to fhew that Air is not neceiTary for the 
Formation of Steam or Vapour, he gives us 
this Exfvenment. 

" ABCD \ fig. 37.) is a pretty laige Vrf- 
^* fcl of Water, which muft be fet upon the 
^ Fire to boil. In thk Vefei iBiift be foi^end- 
^* cd the Glafs Beil E, made feeavy enough 
" to fink in Water ; but put in, in fuch a Man- 
^ ncr, that it be fiiled with Water when up- 
" right, wrdiout any BubMes of Air at it$ 
^ Crown within, the Cro^Mn being all under 
^' Water. As di€ Water IboSs, tlie Bell wfll 
^ by Degrees be emptied of its Water, being 
^ prcfflbd doxvn by the Steam, which rifes 
^* aboveJiie Water in the Sell; but, asfliat 
^* Steam has the Appearance of Ait, in Order 
♦^ to know whether it be Air or not, take the 
^ Veflel off 4l!ie Fice, and draw up the Bell 
^* by a String faftened to 4te KncA> at Top, 
^* tdl only me Mouth remains under Water ; 
^^ then as the Steam condenfes by the coM 
^* Air on >the Outfide of the Bell, ihe Water 
^* will life nftp ifrto the Bell at F, quite to the 
♦* Top, without any Bubble above it ; wWdh 
** ihewa> &at the Steam, vsrhich kept out die 
« >Vateii was not Air. ** 



This 
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This Hypothefis, hbwevever plaufifole it may 
appear, is attended with DifficuitieSy as well as 
the other, For, 

Fir fly If the repulfive Power of the Particles 
of Water is fufiiciently augmented by Heat as 
fuch (and that by a very finall Dc^ee of it) 
to make them recedefrom each other, and be- 
come ipecificaUy lifter than common Air ; 
how comes it to pais, that all the Parttdes of 
Water, as foon as, or before it boil% have not 
their repulfive Forces thus augmented, fince 
they are all under a much greater Degree of 
Heat, than )s neceflary to raUe Vapour ? 

Secondly^ Allowing that they may rife off 
from the Surface qf the Water, and float in 
the circumambient Air, as being lighter than 
it, why do not their repuUive Forces, as 
they rife up into the Air, and the fiiperincum- 
beht Preflure becomes lefs, drive them to' 
greater Diftances from each other, and fo cauib 
them. to continue lighter than the Air about 
them at all Height; ? 

thirdly ^ If the Preflure of the Air about 
them, wnen near the Surface of the Earth, i$ 
not fuiHciisnt to bring them into io clofe 0)n- 
tadi, . as to form Drops of Water there, what 
Forc^; will they find fufficicnt for it, when they 
are carried aloift into a Region of Air, where 
the Preflure is not near fo great ? The Dofitor 
hints, that they are formed into Rain, " when 
" by the great Diminution of the fpecific Gra- 

" vity 
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vity of the Air about a Cloud, it has a 
great Way to fall, in which Cafe, he fays, 
*' die Refiftance of the Air, which increafes 
" as the Square of the Velocity of the de- 
" fcending Cloud, caufes the floating Particles 
** of Water to come within the Power /of each 
" other's Attraftion, and form fuch big Drops 
" as, being ^ecifically heavier than any Air, 
** muft fall in Rain." But as the inferior Air, 
from the Cloud to a confiderable Depth below 
it, cannot be fuppofed to leave it all at once, 
the Vapours muft neceflarily fall all the VS^ay 
through a refifting Medium ; fo that the little 
Velocity the Cloud can acquire, while it is in 
the Form of Vapour, will never produce a 
Refiftance from the Air greater than the Pret- 
fure which the Vapours fuftained below 

Lajily^ The Experiment, brought to make 
V^ay for this Hypothefis, fhows clearly, that 
Vapour fornaed without the Refiftance of Air, 
is immediately condenfed into Water again, as 
foon as it is fuiFered to cpol : Which is widely 
different from what happens to Vapours buoyed 
up into the colder Regions of the Air, and 
floating there, till they rail in Rain. 

Thefe are all, or the principal Hypothefes^ 
ikizt have been framed for the Solution of this 
common Phenomenon : Which as they feem 
inadequate to the EflFe&s produced, and there-- 
fore imfatisfaflcJry, I thought it not amifs to 

fug- 
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fiiggeft to the Reader the chief Difficulties^ with 
which I conceive them to be attended. But 
as it is eafier to puH down, than to build up, 
to overturn a weak Hypothefisy than to raife 
and fiipport a ftrong and fumcioit one ; fo, t 
muft own, in this Cafe, I can think of no Way 
of accounting for the Rife of Vapours, accord- 
ding to the received Principles ot Philofophy^ 
or fay wherein dipir Nature confifts. Upoii 
this Account it is impoffible I (hould give a 
^lofbphical Account of their Reiblution into 
Rain. It muft iuffice juft to mention the Caufe^ 
which are obferved to produce that Qiange. 

The firft is, That Part cS the Air Ibeneath 
them is carried away by contrary Winds blow- 
ing from the fame Place*) for Aien the Rcj 
mainder being too light to buoy them u{*, thd 
upjjer ones, in all Probability, precipitate down 
upon the lower oneSj unite with them, and 
forms Drops of Rain-f*. Another is, great 

Quan^ 

* Perliaips it may be thought that when the Air» which 
impends over any Place, is carried away from tlience by con- 
trary Winds^ the Vapours which float in it (hould be carried 
away too; and fo the few that remain ihoilld be eafily fnp^ 
ported ; or» if they fall» (hotild not produce much Rain. 

Now« in Anfwer to this, it mull be confidered, that as the 
inferior Air is carried, away from any Place by contrary Wields, the 
Height of tbe Atm<»^heie is ditfiiniflied mrebQr; wheiefbre, in 
all Probability, the fuperior Air ruflies in by a contrary Current 
to fill up the Vacuity at the Top, which bringing in its Contents 
of Vapour affi>rds a oondBual Supply ibr the Ram that Ms. 

f A remarkable Inftance we have of this^ in that Part of the 
Atlantic Ocean, which the Sailors call the Rains, (ieeDiilert. V.) 

font 
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Quantities of dicm, being driven by the Winds 
againft the Sidesr of Mountains, are thereby 
noKStdb to coalefce, and Ho confHtutd Rain*. 

- it 



from tilt freqacnt Rains that faH there : the Occafion of which i?^ 
that ihe Atmofpherc is diminifhed by contin.ual contrary Winds 
btomng ftooi thence^ fo that it is not able to fuliain the Vapo^ur 
it receivee. 

* Upon this depends the Difference of the Seafcns of the Year 
at Malahar and Coromandel in the Eafi- Indies, and at Jamaica 
in the Weft. See Dt, Gordons Difcourfe on' the Caufes of the ' 
Change of Weather, Philofophical Tranfa^iions, N°. 17. — — ^ 
*' The Rtvef» of Indus and Qanges^ fays be, where they enter tho 
" Ocean, contain between them a \2X^ Cherfimfus* which is di« 
•* vided in the Middle by a Ridge of Hills, which they call the 
" Gate^ which itin abng-from Bail to Wed, and quite tiirough to 
** Cape Compri. On the one Sid^ is Malabar, and on the other C0- 
*• romande/. On the Maiahar Side, between that Ridge of Moun- 
** tains- and/tiie Sea, it is after their Appellation Summer from Sef» 
•• ttwhir fsAXj^h in which Time it is always a clear Sky^ wi^h- 
** out oDce^ er very little Raining. On the other Side the Hills, on 
•• theCosft tof Coromandi/, it is at the fame Time- their Winter^ 
** ev«rv Day and Night yielding Abundance of Rain, and from- 
" Apni to Seftemherii'My on the M^x/a^^rr Side their Winter, and 
** on the other Side their Summer : So that in little more th^atwen- 
*** ty Leaj^es Journey in fome Plates j as where they crofe the Hill* 
** to St. Themasi on the one Sido of the Hill you afcend with a- 
*• fair Summer 1 on the otheryon defcqjd with a ilormy Winter.' 
« The like is faid to be at Cape Razalgate in Arahia, And J?r. 
** %^bam relates- the f^tne of ^amalca^ intimating th^t ther^ ia* . 
^< a R^idgeof Hills which runs from Eall tq Weft, through the- 
** Biidft'of the ffland^ ^nd that the Plantations on the South Siide- 
*« of the Hills have, from November to JprlJ, ^ opntipual Su^n- 
*^ mer, whtlft thofe on the North Side have, ^s con^ant a' 
*< Winter, and the contrary from Afrll to Noveuii^. . 

♦• From^ thcfe and fuch nke Accounts it f^ew?. evident, tha> a* 



*f bare^ lefftning of the Atmofphere'sGrayit^^ilJ not occafion- 
<« Rain^ but that there is alfo needful either a lud^fenChapgp of 
«« Win^,^of*a Ridge of Hills to meet t;h|e Ciyrjeij't^of: the Air and- 
•« Vapours, wheret^y the Pjirticles of the V apjQU^s a^e ddv^a toge- 
*** dwi, and- fo &11 down in Drops of Rain. And hence it is, 
" . X ■ . " thai 
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It is generally tfaou^t, That if die Vapours 
in their Defcent pais throu^ a Re^on cf Air 
fufficiently C0I4 they are diere frozen into 

Icicle^ 



<< that wkilft lYk Wind Uowrs from the North^ft^ <vix. froni N^ 
**^ vemher to J^^ (^^ ^ Acooont of the Monioonsm thelbit- 
going Difibrtation) ** there are condoual Rains in the northerly 
« Plantations of Jamaica^ and on the Side of Ctromandtl ivt 
** the. Eafi'Iiufiis, becauie the Winds beat againft that Side of 
<* the Hills ; and fo there is &ir Weather on the other Side of 
" theie Hills, in Malabar and in the foathern Plantations of ^a- 
'* maica^ there beine no Winds to drive the Vapours together. 
" But in, the ibutherTy Monibons, nnz* from j^i to fkmew^tr^ 
** Malabar and the footherly Plantations of Jamaica have Floods 
** of Rain, the Wind beating againft that Side of the Hills, wbilft 
** in C^r^mmndely and the other Side of Jamaica^ there is fiur 
^ *' and clear Weather. 

*' IhUfervesaifotockarthe^Z/i^ffiWri/fof 5/«/^ffiin^/n^ be- 
** yond any other PkrtsoftheEarth, and fccms to bleaffigncdby.^^ 
** /a as the Caufe of it. Peru rans along from the Line Southwards 
«' aboilt a thou£ind Leagues. It is&idtobedtvided into three Parts, 
«< long and narrow, which they adl Lanost Sierras, and Jades ; the 
*< Latios, or Plains, run along the South-Sea Coait ; the Sierras are 
** all Hills with fome Vallies ; and iht Andes Iteep and craggyMoun- 
** tains. The Lanes have Ibroe ten Leagues in Breadth, in lome 
" Parts lefs. and in ibme more ; the Sitrras contain fome twenty 
*' Leagues in Breadth, the Jndes as much, fometimes more, fome- 
** times leb ; they run in Length firom North to Sooth, and in 
«* Breadth from Eaft to Weft. This Part of the World is (aid to 
** have thefe remarkable Things: i. All along the Coaft, in the 
^ Lanes, it blows continually with one only Wind, which is South 
** and South weft, contrary to thai which ufually blows under the 
** torrid Zone. a. ft never rains, thunders, fnows, or hails in 
'all this Loaft, or Lanes^ though there h\\$ fometimes a fmall 
*' Dew. 3. Upon the Andes it rains almoft continually, though 
** it be fometimes more dear than other. 4. In the Sierras^ 
** ivhich He between both Extreams, it rains from Sefiember to 
<* Afril but m the other Seafons it is more dear, which is when 
'* the Sun u f rthdt off, and the contrary when it is neareft. 
**' N'>«» the Realon of ail feemb to be this ; The ealiern Breeaaes, 
«' which blow conlbnthr under the Line, being ftoppM in their 

« Coo* 
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Icicles, and firom Snow. But t|iis Opinion feems 
to be falfe ; becaufe it frequently ihows when 
the Barometer is high, at which Time the Va- 
pours cannot begin to fall. It is therefore more 
probable, that they are firft frozen into Icicles, 
and by that means (hooting forth into feveral 
Pomts every Way from the Center (agreeably 
to die Nature of Freezing) lofe their Form 5 
and fo becoming fpecifically heavier than Air 
fall down, and in their PaiTage, feveral being 
congealed together, form Fleeces of Snow^. 

Hail b evidently no other, dian Drops of 
Rain congealed into Ice. This happens, when 
in their Paflage through the inferior Air, they 

•f Cottrfc by xhit Sierras and AnJest and ytt the fame Breeoes be^ 
i< ing to be found in the South Sear beyond Perut as appears by 
tt the eafy Voyages from Peru to the PbiUffines* a Current of 
« Wind blows from the South on the Plains of Peru* to fupp y 
«* the eaftem Breeze on the Soath-Seas, and there beins bat one 
^ oonfiant Gale on thefe Plains, and no contrary Winds or Hil!s 
«« for ic to beat upon* this feems to be the Heaibn why the Va- 
« pours are never or very feldom driven into Rain. And the 
«< Jndes being as high ]^rhaps in many Places as the Vapours 
•* afcend in uic higheft I>egree of the A tmofphete*s Gravity, this 
f * may probably pt the Reafony why the eaitem Breeae, beating 
«« om^antly againil thefe Hills* occafions Rain upon them at aU 
<« Sotfons of the Year. And the Sierras being it feems lower 
— than the Andes, therefore firom Se^emier to Jbrih when the 
-** Sun is neareft* and fo the Atmoi^here>i Gravity lefs, aq4 the 
' « Vapours lower* they are driven againft the Sierras into Raiq, 

The like is to be uid of other Omntries. They are al), eateris 

farihtSB more or lefs rainy, as they are more or lefs moimiainoos. 

JEgyftt whidi is quite without Mountains* has fetdom pr never 

any Ram; but is plentifully watered by the Nikt w^ch yearly 

rii^s above its Banks* and pverflows the whole Country. 

* See a Difconrfeon the N^kure of Snow^ Ph^c^hml Tran- 
ia^Uons N*>. 92. 

T a meet 
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meet with nitrous Panicles^ which are lonyvm 
to contribute greatly to Free:&ing. Their. Me^- 
nitude is owing to a frefli Accd8ion of MM:ter, 
as they pafs along. H^nce we fee the Reafod 
>vhy Hail is fb frequi^nl in iSummer, becaiife at 
that Tin>e greater Quantities of Nitrt are exf 
haled from the E^rih^ afid float up and down 
in the Air, 

. If the Vapours, after diey are c^hakd fitcim 
off the Waters, do fiot rife very hig^ in the 
Atmoiphcne, but hover near the Surftct of the 
^arth, they then conilitute what wi call a 
]Fog, And, if they ^fcend h^her, d^ ikM 
appear in the &,mc Fcfrm to th^ who» being 
lipon the Tops or Sides of Mountains, are at 
an equal Height with them ; though to diofe, 
who are below, they appear as Clouds. . 

If they fall to die Earth, widiout uniting 
into Drops large enough to be called Rain, 
they are then faid to fall in Dew, 

* « 

See farther on this Subje(St, Derham^s Hiyf, 
Theolog, Book L Chap. 3, and Pook IL 
Chap 5. Spediacle de la Nature, Dialog, 21^ 
and 23- Nieuwentyt Contempl. 10. C/^r/s 
Motion of Fluids. Regnault^ Vol. m. Con- 
verfat. 7. Mu^chenbrcek Epitom. Phyf. Ma« 
themat Par. II. Cap* 24. Mekbior Ver^- 
drie$ Phyfic. Pars 4^eciaL Cap. Y. |, 8. 
And the Authors referred to in Mr. yt>bnJM% 
Queftioncs Philofoph. Cap. IV, Quseft. 7. - 

DIS- 
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D I S S EUTATIO N VII, 

|9/* /»&^ Caufet a/ Thunder and Light* 

ningt and of the Aurora Borealis, 

■t * - 

"■ * » • ■ # 

'TpHOSE Hiilofophers, who maintaifi Aat 
JL Vapours are^ buoyed up into die Air, by 
Particles of Fire adhering to them (as ex- 
plained in the foregoing Diflertation) account 
for die Phanomena of Thunder and Lightning^ 
in the foUovi^ing Manner, - They fiippofe, that 
ifrom the Particles of Sulphur, Nitre, and othd: 
c®mbullible Matter, which are exhaled from 
the Earth, and carried into the higher Region^ 
6f the Atmosphere, together with the afcejid- 
ing Vapours, is formed an inflammable Sub- 
itance ; which, when a fufRcient Quantity of 
fiery Particles is fep^ated from the Vapour 'by 
the Collifion of two Clouds, or otherwife, 
takes Fire, and flioots out into a Train of 
Light; greater or lefe, according to the Strength 
and Quantity of the Materials. 

This Opinion is falfe for the Reafons menti- 
oned in the foregoing Diflertation, -V^Hbich plain- 
ly ihow, that it is impoflible the Vapours 
ihould be attended wida fuch ^iery Particles, 
^s is here fuppofed. 

Neidicr 
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Neither have we Occafion to fly to fuchr on 
Hypotbifis ; for, as Vapours exhaled from the 
Surface of die Water are carried up into the 
Atmofphere: in like Manner, the Effluvia 
of folid Bo(&s are continually amending dii- 
^r : Now we find l^ Expermient^ that there 
are feveral inflammable Bodies, whidi, being 
mixed together in due Proportion, will kindle 
into Flame by Fernttcntaition alone,* widiout 
die Help of any fiery Partides -f*. When there- 
fore 

* See thcTlKory of Fennenution explained in tk fblkynrii^ 
DHTerudoii. 

. -f Monficnr Lemtfy having covered up in the Earth about iif^ 
Powids of a Mixture compofoJ of equal Parts of Sulphur, an4 Fi* 
lings of Iron tempered with Water s after eight or nine Hours 
Time* the £arth» where it was laid* vomited up Flames. Hift. 
<le TAcad. lyoot p. 574. 

From this Experiment we iee the true Canfe of the Fire of 
^tnm and Vtfitwm^ and other burning Mountains. They pro- 
bably are Mountains of Suldbur* and fome other Matter proper to 
ferment with iu and take Fire. From like Caufes proceeds tbe 
Heat of fiath-waters, and other hot Springs. 

Mix a fmall Quantity of Goo^Powder with Oyl of Cloves, pour 
W^ upon this Mixture* two or three times as much Sprit of 
Nitie, and you will obierve a bright Inflammation foddenly ujfiQg 
fn^m it. A Mixture of the two Fluids alone will take Fire ; the 
Powder is added ouly to augment the Inflammation. 

Take two Pounds of Nitre, or refined Salt Petre wdl dried ai(d 
reduced to the fined Powder, with a Pound of Oyl of common 
Vitriol : From this. Mixture may be drawn by Oiflillatkm a Spirit 
of Nitre capable of inflaming Oyl of Turpentine. Mem. de 
VAcad. 1 726, p. 97, ISc. Put into a Glais an Otmoe of this ' 
Spirit of Nitre, with an Ounce of Oyl of Vitriol; pour upon it aa 
equal Quantity of Oyl of Turpentine, and a very fine FUune will 
ariie fuddenly with a great Exploflon. When the Ljqujprs i|re 
frefli the EfFedl is much greater. If we mix a Drao^of the Spirit 
of N iue and th|!ee of Oyl of Turpentinei with oi^ly one of the Spirit 

4 
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fore there happens to be a proper Mixture of 
the Effluvia of fu^ Bodies floating ip the Air^ 
they terment, kindle, and flaihing like Giuv- 
powder, occalion thofe Explofions, and Streams 
of Fire, which we call Thunder and Light* 

ning. 

As to die particular Species of Effluvia^ 
which compofe this Mixture, that cannot ex- 
actly be determined ^ they are thou^t to be 
chiefly fulphureous and nitrous : yi^^i&f/r^i/j; 
becauie of the fulphureous Smell which Light- 
ning generally leaves behind it, and of that 
fultry Heat in the Air which is commonly Ac 
Fore-runner of it : nitrous^ becaufe we don't 
know of any Body fo liable to a fudden and 
violent Explofion, as Nitre is *. 

The 



of VitrloU the Mixture will take Fire immediitely. If the £u»e 
Experiinent be made with the Balm of Miccm» a fudden Flame will 
ariie» with a Noife like that of the Report of a Gun. 

There are two celebrated £xperimeDt$ of this Kind, though they 
do not come up exadtly to the prefent Purpofe, becaufe they wili 
not fucoeed* unlefs the Ingredients be firlt heated, the one of Att^ 
Tumfulminamt and the other of Vuhis fulmhunsl The £rft i% 
m Mixture of Salt of Tartar* and Gold diiTolved by Aqua Rigiiu 
A fmall Quantity of this, if put into a Brais Spoqn, and heated 
with the Flame of a Candle, caufes a fudden Noife refembling chat 
of Thunders and goes off with great Violence. The other is a 
Mixture of three Parts of Nitre, two of Salt of Tartar, and one of. 
Sulphur. This Mixture when fet upon the Fire, and warmed to 
a certain Degree* is diflipated all on a fudden with great Thun* 
dering, like the Aurum fulminans. 

See an Account of Exhalations taking Fire of their own Accord 
in Cole-Pits. F§wer*s Experimental Philofophy, p. 62. and 181^ 

* Dr. Lifiir is of Opinion, That the Matter both of Thunder 
and Lightning, and alio of Eanhqui^es, is the FJfunia of the 
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The.££fe& of Thuiider and li^btnihg ard 
owing to ^the iudden and violent Agitation the 
Air i$: put intoitfaerebyy together wira diie Force 
of the Ea^plo^on * ; and not to Thundeiixslts. 
£iUing ftoai the: Clauds; aa fuppo&d by: thei 
Vulgar -f** 

* * 

Pyritet i as he do^« that the Matter of Fidcemi^ is fhe PyriUi it- 
ielf. This is a Mineral that emits copious Exhalations, and is ex- 
ceedingly apt to take Fire upon the Admiffion of Morftare. See 
the Dodor's Defense of hb Notion ia the Phslofophical Tmbfaiti- 
onf, N^ 157. He thinks this may be the Realbn why Evglan^ 
is <b little trottbfed vhh Eanhqaakes, and Itafyy and almoil al) Pla- 
ces round the Mtditfrrantan Sea, fo very much, W». becaufe the 
fyritti are rarely found in England i and where they aro^ tliey 
lie very thin, in Comparjfon of what they, d^ in thofe Countries; 
as ihe vail Qoamity of Sulphur, emitted from the burning Mount- 
tains there, feems tQ (hew. 

* Lightning is faid to have diiTolved Silvn*, without bunslng 
the Pujie it was in ; and to have melied the Sword, without 
touching the Scabbard, and the Jike. The Occafion of this may 
poiTibly be, that the Matter of the Exhalation may be fo fubtle 
and penetrating, that, as we fee it happens with Aqua Tortisy or 
nfoiatile Salts t it may pafs through foft Bodies without altering 
their Texture, while it fprnds its whole Force on hard ones, in 
which it finds the greater Refiflance. 

f Some are inclined to think, that Thunderbolts are artificjal^ 
and that they were applied by the Ancients to fome Ufe. What 
confirnH them in their Opinion, is, that they are found more fre- 
qoently ^here Sepulchres have been, than Id other Places. And, 
aa it was the Cullom of the Ancients to have their Arms bu- 
lied with their Aihes, they think they might be of fome Uie 
in War. Some nre of Opinion, they were ufed in Sacrifices. 
U^^Mekhior Verdrit\ Phyfic. Pars fpecial. Cap. V. f 9. Wt- 
dtiius Exercit. Med. Philol. Cont. ll. Dec. I. pi 103. Schfninc^ 
Aim Ph)feir. Marpurg. DiiTertat. de Umis Sepulchralibus, & Ar^ 
mis Lapideis, A. 17 14. Herman Nunningius Sepulchret. Weft. 
phal. Mimigard. dentil, p. 44. Jo. Hcnr. Cobar/tn Offileg. 
liilior. Piiyiic. p 44. 
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The Diftancc the Thunder is from us^ may 
nearly be eftimated by the Interval olF Time 
between our feeing the Lightning, and heaving 
the Thunder. For, as the Motion of Light is 
fo Very quick^ that the Time it takes up, in 
Coming to us &om the Cloud, is not percep- 
tible ; and as thkt of Sdund is about a thou- 
fand Feet in a Second j allowing a thoufand 
Feet for every Secondj that pafles between our 
feeing the one, and hearing the other; we 
have the Diftance of the Cloud, pretty nearly, 
froni whence the Thunder comes; 

We Ibfnetimes fee Flafhes of Lightnings 
though the Sky be clear and free from Clouds 5 
in this Cafe they proceed from Clouds, that 
lie immediately below our Horizon. 

Of Affinity with the Pbanomena of Light- 
ning are thofe of the Aurora Borealis^ or Nor^ 
them LigbtSy which, of late Years, have very 
firequehtly appeared in our Climate *. Thefe 
Lights differ fo much from each other, that to 
give a Dcfcription of one alone, would not bo 

• Pkienomena of this Kind arc reported to have been very frc^ 
quent in Groenldnd^ Iceland^ and Norway, Countries near the 
role. The only ones, that are upon Record, as having appeared 
in England, before that of March the 6th, ijri* are thofe oija^ 
nuary the 30th, 1 560, OSiober the 7lh, 1564, November i^ih and 
1 9 th, i574> and a fmall one ieen near London on the 9th of 
AugUfty 1708. On November the 16th, 1707, a imall one appeared 
in Ireland, Since that of March the 6th, i7-rf> they have been^ 
and ftill continue very common. 

\S fuffid-^ 
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fiifficient to acquaint the Reader with all the 
Circumftances wherewith they are attended^ 
I fhall therefore coUeft together fiich Pbano-^ 
mena^ as have been moft generally obferved,- 
ajid reduce them to the ten following Propofi-* 
tions, adding in die Notes, by Way of Sped- 
meriy a full Account of that moft remarkable 
Aurora^ which was feen March the 6th 1 7 J-*, 
as it was laid before the Royal Society by Dr. 
Halley^ at their Requeil *• 

The 



* ** On ^uejfda^ the 6th of March^ in. the Year 1716 (the Af- 
*^ ternoon having been veiy ferene and calm, and fomewhat 
**' warmer than ordinary) about che Time it began to grow dark 
*^ (much about feven of the Clock) not only in LendtHy but in 
*< all Parts of England, where the Beginning- of this wonderful 
** Sight was feen; out of what feimeJ a dafky Cloud, in the 
*< North-ea(l Parts of the Horizon, and fcarce ten Degrees high, 
** the Edge$ whereof were tinged with a reddifh Yellow, like as if 
<< the Moon had been hid behind ir, there arofe very long lumi- 
•<• nous Rays, or Streaks perpendicular to th^ Horiaon, £bme of 
** which feemed nearly' to afcend to the Zenith, Prefendy alter^ 
•* that redd lib Cloud was fwiftly propigated along the northern 
*'- Horizon into the North-weft, and ftiTl fenher wefterly ; and 
*<• immediately fentYorth its Rays from all Parts, now here, now 
** there they obferving no Rule or Order in their rifing. Many 
** ofthofeRavs, Teeming to concur near the Zffff/i&, formed there 
** a Corona f or Image, which drew the Attention of all Speda- 
** tors. Some likened it to that Reprefentatioii of Glory, where- 
*^ with our Painters in Churches i'urround the Holy Name of God. 
«< Others to thofe radiating Stars^ wherewith the Breafb. of 
*' Knights of the Order of the Garter are adorned. Many com- 
<' pared it to the Concave of the great Cupoia of St. Paut!% 
** Church, diflinguilhed with Streaks alternately light and ob* 
** fcute, and having in the Middle a Space lefs bright than the 
** reft, rerembling^.the Lanthom. Whilft others, to exprefs as well 
" the Motion as Figul« thereof, would have it to be like thct 
^* ^me in an Oven, reverberated and rolling ag^inft the arched 

" Roof 
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The moft general Pbanomena of an Aurora^ 
Bcr^alis are thefe that follow. 

I. In the northern Parts of the Horizon^ 
there is commonly the Appearance of a very 

black 



^ Roof thereof! Some thought it liker to that tremdloas Light, 
*' which is cad againft the Cieling by the Beams of the San, re- 
** fledfid fi-om the Surface of the Water ia a Bafon, that's a htde 
'* ihaken. Bat all agree, that this Spedrum lafled only a few 
** Minates. and exhibit^ itfelf varioufly tinned with Colours, Yel- 
*' low. Red, and a dusky Green : Nor did it keep in in the fame 
** Place ; for when firll it began, it appeared a little to the 
** Northwards of the Xenitb, but by Degrees declining towards 
** the Sooth, the long Striie of Light, which arofe from all Parts 
f* of the northern Semicircle of the Horhcmy feemed to meet to- 
ff gether, not much above the Head of Cajftor, or the northern 
ff fivtMt and there fbon difappeared. 

ff After the fiifl I/r^etus of the aicending Vapour was over,the 
Corona appeared no more ; byt flil], without any Order, as to 
Time or Place, or Size, luminous i^^y//,like the former, coft- 
tlnaed to arife perpendicularly, now oftener, and again fel- 
domer; now here, now there; now larger, now fhorter. 
Nor did they proceed as at firft, out of a Cloud, but oftener 
w&uld emerge at once out of the pure Sky, which was more 
than ordinary ferene and ftil). Nor were they all of the fame 
Form. Moft of them feemed to end in a Point upwards, like 
f ered Coneis ; others like truncate Cones, or Cylinders, fo much 
f* reiembling the long Tails of Comecs»^tha^at firfl Sight, they 
** might Well be taken for fucb« Some of thoie Rays would coa« 
«' tinae viUble for ieveral Minutes ; when others, and thofe the 
much greater fart, juft (hewed themlelyes, and died away. 
Some i^med to have litde Motion, and to iland. as it wert, 
fixed among the Stars, whilfl others, with a very perceptible 
Tianflation, moved from £^ll to Weft under the Pole, contrary 
to the Motion of the Heavens; by which Means they would 
fometimes feem to run together, and at other Times to fly one 
another. ^ 

'< After this Sight had continued about ati Hour and a half, 
thoie Beams began to rife niuch fower in Number, and not neAr 
fo high I and by Degree8> that difEifed Light, which had illui^ 
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* black Cloud ; but it is evident that it is no 
real Cloud, becaufc the fmallefl Stars are vi- 
fible through it This apparent Cloud is ex- 
tcnde4 fometimes farther tow?irds die Weft^ 

than 

<< trated the northern Parts of the Hemifphere, ieeoied to fubfide, 
«« and fettling on the Horiason, fonned the Refembiance of a very 
^*^ bright Crefufculum. That this was the State of t\i\% Ph^nomtPfin^^ 
*• in the firli Hours, is abundantly confirmed by the unanimous 
^< Confent of ievend. For, by the Letters we have received from 
{' almoft all the extreme Parts of (he Kingdom, there is found \try 
** little Difference from what appeared at London Rnd Oxford ; un« 
*• lefs that in the North of England, and in Scotland^ the Light 
f * feemed fomewhat ftronger and brighter. 

** Hitherto I have related the Obfervations of others ; as to 
<< myfeif, I had 00 Notice of this Matter, till about nine of th(; 
<* Clock : I immediately perceived toward the Sooth and South- 
«< weft Quarter, chat though the Sky was clear, yet it was tinged 
•* with a Grange Sort of Light; fo that the fmailer Stars wete 
** fcarce to be feen, and much as it is when the Moon of four 
•• Days old appckrs after Twilight. I perceived at the fame Time 
<« a very thin Vapour to pafs before usj. which arofefrom the pre* 
«« cife Eaft Part of the Horizon, afcending obliquely, fo as to 
<* leave the Zenith about fifteen or twenty Degrees to the Northt 
«« ward. But the Swifmefs, wherewith it proceeded, was fcarce to 
" be believed^ feeming not inferior to that of Lightning ; and 
«' exhibitin|[, as it paffed on, a Sort of momentaneous NubeeuU^^ 
«• which dilcover'd itfelf by a \try diluted and feint Whitenefs » 
« and was no fooner formed, but before the Eye could well take 
*' it, it was gone, and left no Signs behind it. Nor was this a 
*' iingle Appearance ; but for feveral Minutes, about {\x or feven 
** Times in a Minute, the fame was again and again repeated % 
•' thefe Waves of Vapour regularly fucceeding one another, an4. 
«« at Intervals very neatly equal j all of them in their Afcent pro- 
«« ducing a like Xx2x£cxit Nubecula, 

*' By this Particular we were firft affured ; that the Vapour we 
«« faw, became confpicuous by its own proper Light, without the 
!« Help of the Snn*s Beams ; for tbcfe Nubecu^ did not difcover 
•* themfclvcs in any other Part of their PaiTage, but only betv^een 
J' thcSonth-eaft and South, where being oppofitc to the Son* 

•' they 
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than to the Eaft ; fometimes farther towards 
the Eaft, then to the Weft ; and generally takes, 
^p a Quarter of the Horizonj more or lefs. 

?. The 

V they were deepeft immerfed in the Cone of tjje Earth^s Shadow ; 
♦« nor were they vifible before or after. Whereas the contrary 
f * muft have happened, had they borrowed their Light from the 
** Sun. 

«• On the weftem Side of thp northern Horizon, <viz. between 
*« Weft and North- weft, not much paft ten of the Clock, I ob- 
•f ferved the Reprefentation of a very bright Twilight, contiguous 
** to the Horizon, out of which arofc very long Beams of Light, 
«« not exa£lly erejft towards the Vertex » but fomething declining 
y towards the South ; which, afcending by a quick and undulating 
«« Motion to a confidcrable Height, vanilhed ip a little Time i 
•* whilft others, though at uncertain Intervals, fupplied the^r 
*' Place. But at the fame Time, through all the reft of the nor- 
'•* thern Horizon, *viz, from the North-weft to the true Eaft, 
** there did not appear any Sign of Light to arife from, or joio 
. V to, the Horizon; but what appeared to be an exceeding black 
•* and difmal Cloud, feemcd to hang over all that Part of it. Yet 
.«« was it no Cloud, but only the ferene Sky, more than ordinary 
** pure and limpid, fo that the bright Stars fhone clearly in it, 
<« and particularly Canuda Cygni, then very low in the North? 
'* the great Blackneis manifeitly proceeding from the Neighbour- 
f • hood of the Light, which was collefted above it. For the 
^* Light had now put on a Form quite different from all that we 
** have been d^cribing, and had faihioned itfelf into the Shape of 
•* two Lamina f or Streaks, lying in a Fofiti6n'paralIel to the Hori" 
** t^fiy whofe Edges were but ill terminated. They extended them- 
.« felves from the North by Eaft to the North^^dl, and were each 
** about a Degree broad ; the undermoft about eight or nineDegrees 
** high, and the other about four or &ve Degrees over it ; theie 
<* kept their Places for a long Time, and made the S^y fo light, 
*' that I believe a Man might eaiily have read an ordinary Print 
f* by the Help thereof. 

** Whilft I was viewing this furprisdng Light; and expelling 
^ what was farther to come, the northern End cf the upper La- 
mina by decrees bent downwards, and at length cloied witli 
the End of the other that was under it, fo as to ihut up on the 
fi North-Side an intermediate Space, which ftiU continued open 
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2. The upper Edge of this Cloud (which 
js fometimcs within lefe than fix Degrees of 
thp Horizon, and fometimes forty or fifty above 

it; 

to the Eaft. Not long after this^ in the {aid included Space^ I 
faw a great Number of fmall Coloinns^ or whitifli Streaks, to 
** appear' fuddenly ere6l to the Hori2X>n, and reaching from xbp 
f* (me Lamina to the other ; which inftantly dlfappearing, werp 
too quick for the £ye^ fo that I could not judge, whether they 
arofe from the under^ or fell from the upper ; by their fudden 
Alterations, they madjp fuch an Appearance, as might wcU 
enough be taken to refemble .the Con9i£l of Men in Battle. 

And much about the fam.e Time, there b^an on a fudden to 
appear, low under the Pole, and very i^car due North, three or 
four lucid Jreas, like Clouds, difcovering themfelyes in the 
pure but very black Sky, by dieir yellowifh Light. Thcfc, as 
they broke out at once, fo after they had continued a few Mi- 
nutes, difappeared as quick,' as if a Curtain had been drawn 
over them : Nor were they of any determined Figure, bat 
both ip Shap^ and Size might properly bf compared to fmall 
Clouds illuminated by the full Moon, but brighter. 

Not long after this, from above this fbrefaid two LammPy 
there arofe a very great Pyramidal Fieure, like a Spear, (harp 
V at the Top, whofe Sides were inclined te each other, with an 
Angle of abopt four or five Degrees, and which feemed to reach 
up to the Z^ithy or beyond it. This was carried with an 
equable, and not very flow Motion, from the North-eail whefis 
it arofe, ipto the North-wefl, where it difappeared, (till keep- 
** ing in a perpendicular Situation, or very near it ; and pafiirig 
** fucceflively over all the Stars of the/i//2r Beary did not efiac^ 
'* the fmaller ones in the Tail, which are of the fifth Magni- 
** tude ; fuch was the extream Rarity, and Perfpicuity of the 
•* Matter whereof it confided. 

•* This fingle Beam was very remarkable for its Height above 
'Vail thofe, that, for iai great while before, had preceeded it, qr 
•* that followed it. ' 

** It being now paft elc\'en of the Cock, and nothing new of- 
ff feripgitfelf to our View, but repeated Pbafes of the fame Spec- 
f* tacle ; I obferved, that the two Lamina, or Streaks, parallel 
** to the Horizon^ had now wholly difappeared ; and the whql^ 
^* Spefiade lediiced itfelf to the Refemblance of a very bright 
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h) is generally terminated with a very lucid 
Arch, from one to four or five Degrees broa<^ 
whofe Center is below the Horizon. Some* 

tinfies 

" Crepu/atlum fctUng on the Northern Horiz^t, fb as to be 
«* brighteft and higheft under the Pole itfelf | from wjience it 
** fpread both Ways into the North-^eaft and North-weft. Un- 
<' der this, in the Middle thereof, there appeared » very black 
** Space, as it were the Segment of a leiler Circle of th^ Sphere 
< ^ cut off by the Horizon, it feemed to the Eye like a dark Cloud;: 
** but was not fo ; for by the Telefcope the fmall Stars appeared 
* ^' through it more clearly than ufual, confidering how low thef 
** were: And upon this as a iafis, omi Lumen Aurorifirmt ft&r- 
** edy which was no other than a Segment of a Ring, or Zone 
** of the Sphere, intercepted between two parallel leiTer Circles,- 
** cut off likewiie by the Horizon ; or the Segment of a very 
•* broad Iris^ but of one uniform Colour, vis^ a Flame-Colour 
** inclining to Yellow, the Center thereof being about forty De- 
<( grees below the Horizon. And above this there were (etw 
«* ibme Rudiments of a much larger Segment, with an Interval. 
** of dark Sky between, but this was. fo exceeding feint and 
** uncertain, that I could make no proper Edimaee thereof 

^ < I aaended this Phanomenon till near three in the Morning, and 
**^ the Riling of the Moon : But for ^bove two Hours together ic 
'* had qo Manner of Change in its Appearance, nor Diminutioa, 
'' nor Increaie of Light ; only foinetimes, for very fhort Intervals» 
'* as if new Fewel had been caft on a Fire, the Light feemed to 
'' undulate and fparkle not unlike the rifing of a vaporous Smqak 
** out of a great Bkze when agitated. But one Thing I afTured 
" myfelf of, that the /r/j-like Figure did by no means owe its 
^' Origin to the Sun's Beams: For that about three in tjie Mom- 
'* ing, the Sun being, in the Middle between the North and £ail« 
** our Aurora had not followed him, but ended in that very Point- 
** where he then was : Whereas in the true North, which the- 
** Sun had long paffed, the Light remained unchanged, and bit 
** its full Luftre. 

Appearances of this Kind have been taken Notice of both by 
PJiny, SenecM, zndi Arifiotle \ the lafl of which calls the* vibra- 
ting Light near the Zenith^ A«Aq/ \ the more iteady perpendicular 
Streams, Aoxi/ ; and the Aurora itfelf; from the apparent dark 
flftwl jttft below it, XJifffMh That Aurora which was obferved 
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times there are two or more of thefe Arches^ 
one above another. In fome, the Cloud is not 
terminated by an Arch^ but by a long bright 

Streak 

bjrMonfieurGiSj^SW/ inProvena, on thb HQ of SeptemBer^ in the 
Year 1621, was very remarkable, at that Time. 

He tells as. That about the End of Twilight in the Evening, 
when the Sky was very clear, and there was no Moon, there ap- 

gared in the North a Sort of a riiing Mom, which afcending by 
egreesy became intermingled with certain Streaks, as it were^ 
or Rays perpendicular to the Horizon: And that at the fameTime 
there appeared fome fmall-^^xw' whitJ(h Cloads between the 
South and the Place of the Sun^s lettibg in Winter ; and that in 
the Place where the Sun fetsin Summer, a bright Redneis feemed 
to arife in the Form of a Pyramid^ which moved towards the fetting 
of the Sun at the Equinox; and which was diilinguifhed intd 
three feveral Pyramids, which in a little Time were confounded 
one with another, and at laft diiappeared. When this Rednef^ 
ceafed, the northern Whitenefs was rifen forty Degrees and more^ 
that is, about the Altitude of the Pole-Star, forming itfelf into an 
Arch, and taking up near fixty Degrees of the Horizon, After this, 
certain Chevrons^ or Columns of Rays, fome whiter, and fbrae SL 
little darker, began more plainly to be diftinguiflied, of about 
two Degrees in Breadth, and perpendicularly pofited ; fo that all 
that Part appeared as it were fluted. The whole Circumference 
immediately appeared fbdloped s and (hen fome of thofe Column^ 
which were in the Middle, and that were the whitefl, began as it 
Were to leave their Pkces with great Impetuofity, and in lefs than 
a Quarter of a Minute, raifed themfelves almOft tb the Top, put- 
ting on the Form of Pyramids^ which they would retain four or 
five Minutes. It was about nine of the Clock, when the Arch of 
Whitenefs began to decreafe or fink ; at which Time certain very 
whfte Streams of ^moke began to ifTue out from the Column^ 
which were remaining under the Pyramids^ and darting upwards 
with very great Rapidity through the Pyramids^ like Javelinsj 
Taniihed immediately when they came to the Tops of them . This 
Spedlade lafted about an Hour ; after which the Whitenefs funk 
down to about fix Degrees of the Hormeu. Viit Jbregi di 
Qajfendu Tom. V. P. 245. 

Th5 
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^re^k ^ Lij^, iyiog paradld to the Ht^ri* 
zon. The Limb qf m^ himinous Arch, or 
^^allel Strea^k i^ pfit ^lwj»yi3 £y:en aod cegular^ 
t)jut A9>ks Jqw^ in ^onie P^rt^ Aari iiiibthers. 
, 3, Out of tWp Arch ^proceed Streams d[ 
tight, gcRerally perpcwcUcular to the Hpru- 
;zQn^ jbvit fprn^VEHiS^ a litt]e inclined to k. Moft 
.of the§0i fecio* to €od io ^ la Poiot, like Pyra^ 
m4s or G?«(?ii'j; afid often very milch referable 
^e T jiMs of Cpmetf. Soisdetimes there is ^ne 
lii9^uaou8 Arqjb, mx $tne^ of Li^ ; and then 
^ Streams ifeeip to ifi^ put from behind the 
dark Cloud, being dlxMoiSt £rom each other aC 

, 4. The upper Eq^ cf Aide Streams inceffapt- 
iy app^r and v^Kh .again, as xjuick as if n 
/Q^rtain warts drawn liackwards and forwar(^ 
before them^ w;bidlj fotnetimfis ca^ufes fudi a 
jSsm^ing trj^bUng in )tbe Air> ihat yoa would 

!Tiusi'ikrv9^v^^04f appeared iiot oi|ly to G^en^ in frrven^e, but 
vras feen at Places very diltatit from thence, as ac folo/e^ Jdpntau- 
ff9n^ BourdtauXf drenobJe^ 'Dijon, Paris, and Roan, &c. and at 
.4f^o9i otbcr Pisces in France, 9^i}fi the neighi^3unng Couniriefi, 
that lie to the Nprchwardsof Pr^/vence, nnlels )vhejt it W4s intes- 
^cepted by Clouds ; but no whe^e in fuch as .lie at any greax Dip 
tance to t^e ^uthwaid3 of k. 

Moqlieur QaJfeadH^ thgughtft o haye jiven die Name of Aur9r^ 
Bbreaiis to this Pb/enome»oh ; but this is obferv.ed by Monfieur 
JfAairan, to be a Millake. See Mr. Mairan*s Phyfical and Hiito* 
<ricai Trtiiti& oi the Jurfira Borea/is, in the Memoires deTAcade" 
mie Rojfaie di.s Sciences, Annie 1751. Qf an Abilrad of it in Phi- 

X imagini^ 
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^agine the upper Part of the Heavens to be, 
as it were, in Cbnvuliions *. 
, 5. They fometimes fcem to meet in the Zr- 
nitby or more commonly to the Southward of 
it, about ten Degrees, more or Icfs (fometimes 
they deviate a little to the South-eaft of the 
Meridian^ and ibmetimes to the South-weft); 
and there curling round, in fome Meafure, imi- 
tate Flame confined under an Arch ; and be- 
ing frequently tinged with various Orders of 
Colours, exhibit a moft beautiful Appearance, 
refembling a Canopy finely painted •}•, of about 
ten. or twenty Degrees in Breadth. 

In many Aurora\ there are Streams afcend- 
ing from thofc Parts of the Heavens, which lie 
fcveral Degrees to the Southwards of the Cano- 
py > and in ibmc, they appear to arife, though 
very rarely, almoft as large, and numerous 
from the fouthern, as from the northern Parts 
of the Horizon.- 

6. The Height of the Aurora Borealis is 
very great; for that of March the fixth ijri 
was vifible from the Weft Side of Ireland^ to 
the Confines of Rujfia and Poland on the 
Eaft, and perhaps farther j extending at leaft 
over thirty Degrees of Longitude, and in La- 

* See their Motions well defcribed in the Account we have of 
an Jurora in the Philofoph. Tranfad. N**. 395, Art. 2. 

•}• See the various Colours of the Canopy, as well as thofe of 
an Aurora itfelf, accurately defcribed by Pr. Creemxiood^ in Phi- 
lofoph. Traniad. N^. 418, Art. i. 

titud 
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titude from about the fiftieth Degree over al- 
moft all the North of Europe^ and at all Pla- 
ces, exhibiting, nearly at the fame Time, the 
fame Appearances* 

7. Thefe Appearances have always been 
very frequent (as far as the Accounts we have 
of diem inform us) in Countries that lie in, or 
near ^'^ frigid Zone^ but very rare in thofe 
of our Latitude ; they are now become very 
frequent with us, but always feem to proceed 
from the North ; and are aa yet unknown to. 
the Inhabitants of the more fouth^rn Parts of 
bur Hemifphere. Whether they are feen ta 
thofe, who inhabit in, or near the o^tr frigid 
ZanCy is to us unknown, 

8. Infome, tber? are Trains .of Light run- 
ning horizontally, fometimes. from the Middle 
to me Extremes, and fometimes from one Ex- 
treme to the other. And from tfiefe Trains 
often arife Streams perpendicular tp the Hori- 
ZM, and accompanying them as they pafs 
^long. 

9. When aU the Streaming is over, the jfiu-^ 
rora Borealis commonly degenerate nto a 
bright Twilight in the North, and there gra- 
dually dies away. , 

I o. It is probable, that thefe Phanomi^na 
often happen in cloudy Nights, though we are 
not fenfible of them ; for 'tis obfervable, that 
in fuch Nights, there is frequently more Li^ht 

X 2 than 



158 Of the Aurof at Bof calk fart 11. 

than what nfualiy fn?oceeds from tfee ^eA:$ 

arone. 

The moft pbvioiis Solutiori 6f ifee Aurora^ 
Bore alt s^ or at lea A what wou}d appear fo, 
to fuch as have only attended to die Gircum-^ 
ilances of fbme particular ones, and which hae 
Accordingly been affiled by feveral * to thdf 
Accounts of the Auror^^ they have feen^ is 
that it is a thin Nitro-fulphureous Vapotir, 
faifed iri pur Atmofehere confiderafely highe^ 
^an the Clouds; that this Vapour t>y Fftf- 
fnentatiori takes Fire, and the Explofion ol 
one Portion of it kindling the next, tne Fkih^^ 
fiicceed one another, till the whole Q^?^ 
tity of Vapour widiin their Rea<£h is itt oa 
F*irfe. 

to 

* Pitfeflfdr tltetr ^ the Bud of his Dtfrcripd6a df a PbitnoJtt^ 
nbn of this Kind, inferted in the Philoibphical Tranfadions N^. 
165, oBfervcs, tlvat fuppofihg a FuiSd of Vapours or Exh^tiom 
it a cotifiderable Height aboAre Ud to be difFu(<<d eVerJr WRf itltb 
a large and fpacious Plane, parallel to the Horizon, that Fund of 
mixed Matter b^ Fermentation ivil] emit Streams ; and tEat if 
f He Wind be ftill, the^ will alcekld perpendi<:kilarl)r up#irds j 
<fther>Vife they will be mdindd towards that Point of the Hon«od 
which is oppofite to that froth which the Wind blows ; and that 
they wiil appear, by the ftults Of Peffjjeiftivc, ill the firtt Caib, to 
converge to the Spectator's Zenith^ in At other, to fom^ Poiiii 
liot far from it ; and that if this Fuhd of Vapours be fitua^ed more 
to ^he Nbrth than the South, it will produce Streams of Light at- 
tended iVith fucti Circumfknces, as then appeared: Biit he does 
not fa)r, why thd Vapours (hoakK be fituated rathdr tk> chid North 
^han the South, or proceed to account for all the j'i&^wjxr^it of 
she MrO'ii Boyed&s in genend ftiom thence. 

Some 
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Some have thought, tfiat Vapottrs^ rarefied 
€5cc€cdingly by fubterraneoas Fire, and tinged 
i^ith fulphureous Steams, might from thence 
be diipofed to fhift^ k the Night, and rifing 
up to the Top of die Atmofphere, or even be- 
yond its 'Limits (as we find the Vapours of 
puii-'powder, whei> heated iii Vacuo^ will (hinc 
ill the Dark, and afeend io the Top of the 
Receiver, though ethaufted) might poduce 
tbofe Undulations in the Air, which conftitute- 
lliis Phanpmemn. 

But thcfe Hyp^fbfjes have b^en i?e|eifted, as 
jftfuflicient : k having beeri thought ibapoflibld 
to account fef all die Ck^umftance$ of did 
Aurora by them *, 

f Tn the C6<nMc»itarle!f df the Academy of Sciences at Piters^ 
iurgh, 1 find i late Solution of the Aurora BoreaHs from Exhala- 
tions fermenting and taking Fire in tlie Atiliofpit^fe; Which thd 
;Aaftfhoi* Ctyr, Maiet fays, occafioni ih4 Af pearancft of the Xix:aA 
Arch in the Northt and thinks that the Scfeams, which feeiii to 
jfliie from thence, iare no other tliaii' iht Light of that Arch f&- 
iiefted tcr us from the under Side of fbme thin CHoudsi tki2l Ite 
dbove it. As t6 iti appearing in the Nonk rather thaa in f^ 
South, h« fuppofes that may be owing to the Coldof thofe ftegioat 
coD^enfing the Exhalations, and" thereby reitderitig them more 
liable tb* nnn^nt than they are in the foUthem ; but atknowMjici 
ihgenuouily, that he has ao Reaieti to fappofe this^ boc its being 
neceiiaiy to' his Solution. At the Encl he t^s, That h was 
kno\^ in ancient Times as well as fateiy : Sat (MMts 6^^:N(^ 
tice, that it appears much oftener of late Years in our Chmate 
than it ufed to do; and fo avoids accounting for that Particular. 
Vide Commentary Academ, Scientiar, ImptriaU Petropotitan. 
Tom. I. p. 351. 



Dr. 
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Dr. Halley therefore has Recourfe to Ac mag-^ 
netic Effluvia of the Earth, which he fuppoies 
to perform the fame Kind of Circulation with 
Regard to it, as the Effluvia of any particular 
^errella * do with refpedt to that, viz. that 
they enter the Earth near the South Pole, and 
pervading its Pores, pais out again at the fame 
Diftance from the northern : And thinks, they 
may fometimes, by the Concourfe of feveral 
Caufes very rarely coincident, and to us as 
yet unknown, be capable of producing a fmall 
Degree of Light, either from the greater Den- 
fity of the Matter, or perhaps from the greater 
Velocity of its Motion ; after the fame Man- 
ner, as we fee the Effluvia of Etle^ric Bodies 
emit Light in the Dark. 

Monfieur de Mairan has given us a Phyfi- 
cal and Hiftorical Treatife of the Aurora Bo- 
realis^ and endeavours to prove that it is owing 
to the Zodiacal Ligbty or the Atmoiphere of 
the Sun, ibread on each Side of it along the 
Zodiac in tne form of a Pyramid. This, he 
fays, is fometimes extended to fuch a Length 
as to reach beyond the Orbit of our Earth, and 
then mixing itfelf with our Atmofphere, and 
being of an Heterogeneous Nature, produces 

* A round Magnet, fo called fr m ti.e Refen.blance it bears, lo 
the Earth. 



the 
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the feveral Appearances, which .arc obfervtfd 
In the Aurora Borealis *. 

I have juft mentioned thefe two Solutions^ 
becaufe they ^come from two very ingenious 
Philofophers ; though I doubt not but the Rea-* 
der will agree with me, that they are much 
too fine fpun to hold, and that they are f)o 
other than the ingenious Reveries of Perfons 
determined to frame an Hypothefis at any Rate- 
I queftion not, but we may find Materials foe 
the Aurora Borealis^ without going fb far for 
them, as thefe Gentlemen have done ; and ia 
particular t;hat we have no Occafion to have 
Recourfe either to the magnetic Effluvia of 
the Earth, or the Zodiacal Light, the Naturp 
of both which we are wholly unacquainted 
with. The Materials employed in the firft So- 
lution (I mean fiich Effluvia as are continually 
exhaled from the Surface and Bowels of the 
Eardi) if rightly confidered, will aflFord a very 
eafy and natural one, as I fhall endeavour to 
Ihew in the following Manner, 

Firft, we are affured by Experiment, that 

there are fome Steams (as inflammable fulphu- 

* reous ones) which are capableoffo great a Degree 

of Expanfibn, that they will render themfelves 

lighter than the Air mey float in, though it 

* See his Account at large, refened to at the End of Note, 
Pap 155- 

be 
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be a$ rare, as it can be made }ay Art; fycib^ 
will rife to the Top of 1^ RiOpeiyer^ when 
ezhaufted *, that is vdien as mudi Air, as is 
poflible, iis drawa out ^f- : Su<^ Steains ^rc- 
fore or Eschalations, rifiog out of the JSarth 
J&om Mines, Viilcano's^ &r. mufl n^oefianly bis 
Imoy^ed up towards the Top dfdie Atmo^hg^re; 
at kaft, till they come to a Regioo, wbficihe 
Air is as rare aod expaaded, as it can be made 
1^ die Air Pump^ here below*. This He^^ 
according to Pn IJalkfs CompntatJoa %j 
(whidi be found upon the Pe^»c of th^ Air's 
Elailifcity) is about forty or fifty Miles: but pro- 
baUy it is much greater; for the Air, ii^di 
is higher than Vapours and other Hetcri)g€^ 
neous Matter that is oot elaftic, rife to» b^iog 
much purer than any we can ^g^e £a^)€ri- 
jnents upon, may be induced widi a jnuch great* 
er Degree df Elafticity^ and fo the Atmo^hei;c 
Vascy he con(idera,bly higher, dian what he 
upon that Principle^ computes it to be. 

Secondly, Thefe Effluvia being raifed to 
the Top of the Atmolphere, or near it, and 
floating there, will neceflarily be carried to- 
wards the poplar Parts tbereoi^ for the foilow-^ 
ing ELciafons. i. Becai^ the iuperior Current 

• SccPhilofoph. Tanfaat. N«>. 347 and 360. 

f It is ixnpoffibie to excra£l all the Air out of a Veflel, becaofe 
it is by the Spring of the Air remaining in the Vefiel, that the 
Valves of jthe Pump are opened ju each Suoke« 

i Philofoph. Txan/ad. N^'. 181; 

of 
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of the Air, to a great Diftance from the Equa-^ 
tor, is that Way *• 2. We know from Ex- 
|)eriment, that whatever fwims upon a Fluid 
which revolves about an Aocisy is thereby car- 
ried towards that Axis* This is exaftly the 
Cafe of ^tk Effluvia, for they fwim near the 
Top of the Atmofphere which continually re- 
volves about the Axis of the Earth ; they mufi 
therefore neceffarily be carried towards the po- 
lar Parts thereof. 

Thirdly, Thefe Effluvia being coUeded 
together at^. or near the Poles, and of an in- 
flammable Nature, may eafily be fuppofed to 
ferment, when they meet widi other heteroge-- 
neous ones proper to produce fuch an Effed:, 
and emit Streams of Fire \ which Streams will 
naturally rife up into fuch Parts of the Atmof- 
phere as are ftill lighter than that wherein the 
Effluvia reft, that iS| diredtly upwards from 
the Center of the JEarth. But, according to 
the Rules of PerfpeSlive, diofe Streams^ though 
they really diverge, as Radii from a Center, 
will appear to a Spedator on the Surface of 
the Earth to converge towards a Point : Which 
f oint will feem to be diredlly over his Head, if 
the Streams afcend in right Lines from the Cen- 
ter of the Earth : but if they deviate all one 
Way from that Diredtion^ the Point will be on 

* As explained ia DiiFertation V. 

that 
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that Side the Zenith towards which they in-^ 
cline*. 

To illuftrate this; fuppofe feveral Strings 
hung down from the Ceiling of a Room, and 
a Candle placed upon a Table below them^ 
the Shadows of them all will converge towards 
the Point, that is over the Candle, And, if 
they are made to incline, fuppofe all one Way^ 
the Point of Convergency will remove from 
over the Candle, towards that. Side of the 
Room to which the upper Ends of the Strings 
incline : Now if a Perfon had viewed them 
from the Place where the Candle was, and 
referred their Places to the Ceiling, they would 
have feemed to him to have converged towards 
tiie Point, where their Shadows did. 

And if' the Streams fpread themfelves'as 
they arife, but not too much, they will never- 
thelefs appear tapering towards the upper Ends^ 
like Cones or Pyramids ; juft as the Sides of 
a long Walk feem to a Perton that views tbemr 

* This may be znade to appear in the following Manner; Let 
ADB ^ig. j%)f reprefeat the Concavi of the HeaTens, AB the 
Horizon, C the Place of the SpedUtor, TV a luminoiis SubllanCe 
fending forth the parallel Streams EG> LM,^ NO, faTc. Thefe 
Streams will all feem to converge towards the Point D, if that Point 
be taken fuch^ that the Line DC drawn from thence to the Speda- 
tor's E^e, be parallel to the Streams. For Jnflance, the Stream' 
.'EG Will feem to rife fnom ^ to^, LM horn fiom, and FHirom 
/ to h, and fo of the refl. And NO will appear wholly in D the 
Place to which the refl feem to converge. And if the Streams 
are as large, or fomewhat larger at the upper Ends, than at the 
lower* they will iUU appear ief< there^ thofe Ends being fiartheft 
from the Spe6lator*s Eye. 
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from one End of it, or froni a diftant Place^ 
to approach each odier at that which is fartheft 
from him. 

This being premifed> we miay now accoynt 
for the feveral Phanomena of the Aurora 
Borealis before laid down. As, 

I. The Blacknefi of the Sky, which gene- 
rally appears in the northern Parts of the fla- 
fizoriy like a dark Cloud, is occafioned by the 
Prightnefe of the luminous Matter of the Au^ ^ 
rora juft above it. That the Sky is clear here, 
^ evident (as was obferved before) becaufe 
the fmalleft Stars are feen through it. 

2- The lucid Arch immediately above, is the 
luminous Mattier of the Aurora itfelf, which 
fometim^ exhibits the Appearance of a Curve^ 
fometimes of a ftrait Line, according to its 
Form and Situation in the Atmofphere, though 
generally that of a Curve : For, by the Rules 
of PerJpeSlive^ when a ftrait Line is diftended . 
Jiorizontally, and above the Spectator's Eye, 
it ought to appear bent into a Curve, whole 
Center i§ below the Horizon ^. Sonietimes 
it appears on opic Side tlje North Pointy more 

* Thus, when a Perfon ftands fronting a Row of Houfes, and 
)ooks over the Tops of them, if they are all of an equal Height, 
that Houfe which is neareft him, will feem to cut the Heavens in 
a Point that will be higher than where it is cqt by any of the reft ; 
and the Points where the Heavens will feem to be cut by the Top9 
pf thofe, which are on the Right and Left Hand of the Spedlator, 
will defcend lower ahd lower, as the Houfes are farther off; fo 
that the Points,, taken all together, will reprefent a Curve. 
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tiiJin on the other ; fometimes regular, fbme- 
times irregular, as the various Circumftances 
of the Air's Motion at the Top of the AimoC- 
phere, and of the Situation of the flaming 
Matter may be. 

3. The Streams of Light, ifTuingout of the 
lucid Arch, are Streams of iFirc emitted up- 
wards from the Matter of the Aurora^ arid 
feem, for the Rpafons already laid down, to . 
converge towards the Zenith of thp Speftaton 
Why they incline a little fometirpes from the 
Perpendicular, will be explained in the fifth 
Remark, where we account for the Situation of 
the Canopy. When np luminous Arch ap- 
pears, it is probable, that it is intercepted by 
the Horizon^ or by the Vapours v^4iich float 
in great Quantities therein. 

4. The trembling obferved in the upper Part 
of the Heavens, is owing to the Quickneft 
wherewith the Flalhes fucceed one another, 
and alfo to the irregular Motions and Agita-? 
tions of the fuperior Parts pf the Atmofohere. 
' 5. So long as the luminous Matter of the 
Aurora is all of it towards the North of us, 
the Streams cannot feem to meet in a Point at 
the Top, as will appear to any one that confi- 
ders the Figure referred to in the Note (p. 1 64), 
but after it has advanced forwards, or become 
kindled over our Heads, then they appear to 
meet, and form the Canopy already delcribed ; 
and when it has paiTed further ftill, they feem' 

to 
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to arife from all Parts ; though they ire mud^ 

feinter on the fouthern than on the northern 

Side, fo long as the main Body of the Aurora 

remains on the northern Side of the Canopy, 

which it rarely, if ever, pafles. The Realba 

why the Center of the Canopy is generally a 

few Degrees to the South of the Spectator's 

Zfnitb *, is becaufe the luminous Streams, 

which iflue forth from the extreme Parts di 

the Subftance of the Aurora^ will naturally 

diverge a little from the middle ones ; and, as 

thofe which appear to us, proceed chiefly from 

die fouthern Side (that being neareft to us) 

the Point of Convergency will neccflarily be 

placed to the South of our Zenith^ according 

to what was faid above about the Inclination 

of the Strings hanging from the Cieling of a 

Room. If the Center of the Canopy is fome- 

times to the Eaftward, and fometimes to the 

Wcftward of the Meridian, that depends upoft 

the Motion of that Part of the Air, whicn . is 

above theSubftance of the Aurovdy and throu 

which the Streams pafs, as they rife. T 

alfo it is that makes the Streams feem to ariic 

ftomctimcs a little obliquely. 

t 

• According to this Theory, the Center of the Canopy will al-i 
ways be near the Spe6lator*s Zenith, where-ever he is ; which I. 
believe is the Cafe, for I have met with no Account where it it 
btherwife; and ib every Spectator fees a different Canopy, juft at 
when feveral Perfons are viewing a Rainbow, no two Per(ons iee 
the fame Rainbow at the fame Time. 

6. The 
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6. The great Height of the Aurora is owing 
Xo the exceeding Lightncls of the Effluvia^ 
which compoic the Subftance of it (as explain- 
ed above] and the darting of the Streams up- 
wards, into Regions perhaps quite above the 
Atmofphcre, occafions \t to exhibit at very, 
diftant Places the fame Appearances at the 
fame Time. 

7. That the Aurora appears near the Poky 
and never at or near the Equator^ is be- 
caufe of the Tendency the Matter of it has 
towards the Poles, as explained above. And 
that it appears in Peaces more diflant fron^ 
the Pole^ than it formerly did, is becaufe the 
Effluviay which are now raifed frpm the 
j^rth, are prevented from approaching fo near 
the polar Parts of the Atmofphcre, as they 
ufed to do ; thofe Parts being already flpcked 
with others, which were formerly raifed, and 
are now grown effete \>y frequent Ferpientat 
tions and Explofions. 

8. The horizontal Traips pf Light are the 
Subflance of the Aurora jufl taking Fire^ 
which runs from one Part to another^ as in a 
Train of Gunpowder kindled in any one Part j 
and fends up Streams perpendicularly from 
Places, where it meets with a greater Quantir 
ty of Matter than ordinary. 

9. When the Matter of the Aurora is fo far 
fpent, as to emit no more Streams, it appears 
pnly as a bright fleady Light in the North, 

which 
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which gradually dies away, for Want of freih 
Fewel to fupport it. 

lo. As the Vapours, of which Clouds arc 
formed, never rife fo high, as where the Mat- 
ter of the Aurora Borealis^ozts*, it is not at 
all inconfiftent with the foregoing Theory, if 
it is fometimes intercepted from our Sight, by 
the Interpofition of Clouds below. 

^ See farther on this Subjed:, Art /lot el Meteor. 

. Lib. I. Cap. 4, 5.. Plimi' Hiiior^ Natural. 

I Cap. 26, 2y. Senec. Quaeft. Natural. Lib. L 
Lycoji. Prodigiorum ac Oftentorum Chronicon, 
paflim. yulius Obfequens de Prodigiis, . Cap.- 
13, 43, 88. GaJJ'endi Animadverf, in Dhg* 

\ Laert. Lib, X. p. 1157. Cornelius Gemma 
de divinis Naturae Charaderifmis. Nicephori 
Hifton Ecclefiaft. Lib. XIL Capw 37. IJtd^ 
'Hifpal Hiftor. Goth. Tom. I. p. 65. Bibli^ 
othec. Orientalis Clenientino- Vatican a, Tom.L 
P- 4^7* Gregor. Tur^ pafSm. Mem. de Lit. 
de TAcad. des Infcriptions & belles Lettresy 
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DISS E RT ATION VIIL 
Of FermentatioH, 

I T Avihg had Occafion io mention fbmc of 
j[ jj^ the EfFefts of Fermentation, it may not 
be amife, before I put an End to diefe Diffcf- 
tations, to add a (hort Account of the Nature 
of it, arid to (hew how thofc EfFedls are pro-^ 
duced by fti 

Fermentation is a mutual Commotion of thii 
conftituent Particles of Bodies, one among ano-^ 
ther; and arifes from an Inequality in their 
Attradions of Cohefion. Authors diftingnifh it 
into two Kinds ; the one is that which happens 
when a Solid is diflblved by a Fluid ; the other 
is, when two Fluids, being mixed tbgedier, fer- 
ment with each other. 

Thofe Authors, who have treated of the 6rft 
of thefe, tell us. That to caufe a Fermentation 
between a Solid arid a Fluid, fevefal Circum- 
ftances are ncceflary . Particularly Dr. Friend *> 
and Kefl'f are of Opiniofi, 

I. That die Particles of the Solid muii at^' 
tradt thofe of the Fluid with a greater Force^ 
than the Particles of the Fluid attraft one 
another. 

• Sec his Chemical- Leftaresi 

t Sec his Letter to Dr. Cockhm, Di lephus Aitraaifms. 

2* That 
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i^ That the Pores of the Solid nwil not be 
jtoo ia):3M txS admit iht Pa^rticks of the Flaid 
Into Aem. 

3; That the J^bdy he of fo looie a Cootei^'^ 
tiiFe, tkat diePorqe of Xmpadfc, with vnhofAi 
the Particles of the F^uid ru{h into its PoroSi 
ib^y be fufHcient to di£s0ite its Parts. 

4. That the Elailicity of^ the Particlei tendti 
very mtich to promote, 4md au^gpficut the Fer<- 
mentation. 

Pr. Boerbadve makes allb foiir Condition^ 
itquifite *. 

i. That there be a due IProportion between 
&e Size of the Particles of the Fluid* and the 
roretof the Body to be diShk^cA. 

2. That the Figure of the Particles of the 
Fluid have a determinate Relatiom to diiat bf 
the 'Pores of the Solid. 

3* That the Particles of the Fluid be fiiffid- 
fently folid, that their Moment, or Force of 
Action may not be too weak, 

4. The laft Q^li£ication, he mentions, is a 
fit Difpofition dTthe Particles of the Fluid, 
when received into the Pores of the Solid, to 
make fome ftay there, and not immediately 
to pafs through ; but to ad every Way upoa 
&e Solid, as they move towards ^e cKternal 
Surface thereof. 

* Pf . B^rAaaw'i Ckcmiftiy^ by Stm^, p^ 344; 

Z Bin 
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But we have no Occafion to have Recourlc 
to fo many Su(>pofitions ; if the Particles of the 
Solid attraft Aofe of die Fbid with agreater 
Degree of Force than either thofe of the Fluid, 
ot* uiofe of the Solid attrad one another ^, it 
is fi^dent ; and there will follow a DiiTolution 
of the Body» as may clearly be demonftrated 
from Ae Laws o£ mechanics^ whatever the 
odier C^cumftances relating to the Figure or 
Magnitode of Pores, S'c. maybef. 

When 

* ThttmaybedioaeManiaipoflUsleSiippolition.fbrtheFonae 
cf Attfiidlaoii of CoMma being as the Surfiioesof tlieactnaing , 
Amides, whaterer Sive or Form the Particles of the Solid and 
Fluid are of, (here cannot be a greater Qaancity of Sur&ce between 
every two Farticles».one of whkh is aiTardde of the Solid* and 
the other a Partide of the Fluid, than there is between every two 
Farddes, which are either both of the Solid, or both of the Fluid ; 
and therefore the Panicles of the Solid cannot atiraa thofe of the 
Fluid with greater i^oioe than either thofe of the Solid or thofe of 
the Fluid attraft one another. Bat it is to be confidered, that we 
are not b well acquainted with the Nature of the Attndion of 
Cohe£onf as to determine g^mSfy in what Manner, and by what 
Laws it a£b. The Experiments made Ufe of for (his Purpofe, on- 
ly fhew that fo long as we try them with the fame Kind of Bodies, 
the Attradlion is larger where the Contad is fo. See Part I. 
Chap. III. But we hare no Method of determining, whether the 
Dimrence of Attrafiion, which *uariws Bodies exerc upon one an- 
other, arifes {diidy fr(»n a Difference in their Surfaces, or not. 

f Dem. Thus, ktf^fif^ Ufc, (fi>. 39.) represent a Scries of 
the Partides of a Fluid, and i» s, j, &r. a Series of thofe of a 
ibiid Body, contiguobs to one* another: and let the pricked 
lines /^/^ &c. reprdent the Forces of AttraAion between 
the Fluid Particles one among another, and / /, j /, (S^r, 
thoie of the iolid ones among themfelves ; and let the black 
Lioes //, sfy l^c, exprefs thofe which are between the fluid 
and folid Particles. Now» the latter Forces being by the Sop- 
fofliipn ftronger than the former, the fluid Partides will recede 

V . from 
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When a- Solid is put into a Fluid, il* their 
Particles have the above^nentioned Relation 
to each other, thofe of the Solid, being attraft* 
ed with greater Force towards the Fluid, 
than they are the contrary Way, they will fall 
off from the Fluid, and enter in between the 
Particles c£ the Fluid \ and for the like Reafbn, 
thofe of the Fluid will open to themfelves 
a Way in between thofe of die Solid, and will 
feparatQ them from each otho*. Neither win 
their Re^)e(3ive Motions ceafc^ unleis. their 

• 

lix>iii each other, andfoifr diQfi|a(theSqUd to enter In between 
them^ and ibr Ar ttne Reifim ikt ipSd Particfes will give Way 
to thofe ef thenrift 1^ whUh iMM%thtfDiftances rq>rereoicd 



by the pridied Lines beeoniM^ maier^ thr AtoraAjons^ which 
they exjms, wU be dimHuAMn^ that the fluid Particles wiJl 
eiKier quits ialM^vceft the MkI^^Sm^- and the Mid one* between 
the fluid ones; aii4 Ml di thiH|.togpther win amftjtiute. fuch a 
Series, aa is reprefentcd in Fw^ 49». ^ thei|iidd]e.Row /f f^ ip 
f, Vc. where the firfid and flnid Pai^des lie mixed interchangea- 
bly one with Mothering r^^liaoe Now let it be fnpp<£d, 
that this Series is oontignoos to one wUdi cpnfifts wholly of Fluid 
aboive it, as is expretted in the Fkore, and |o another below, 
copfii^iqiof Mid Fartidet only. Every fotid Pptide in this 
Series will be attracted upwards with mater Force, than it 
is downwards ; and every fluid on^ wi^i greater Force down* 
wards 4han it is upwards, as appears by bare Infpe&ion of 
the Figure, where the Uadc Lines, as in the former, exprefi 
the ftronger Attraftions, and the pricked ones the wealcer. 
And, if we fiippofe the Number of Particles in the Solid and in 
the Fluid to be nearly equal, thofe of the Fluid will not .flop, till 
d&ey have quite pafled through the Solid ; for they will always find 
a Series wholly confifting of folid Partides before them, whilft 
that which they leave behind, will be a Mixture of both. In like 
manner, the iblid ones will pafs quite through the fluid on^s \ for 
they will always meet with more fluid ones before them, than they 
leave hehind within the Sphere of their own Attra^ion. 

V 2 2 Quan^ 
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QiKintities be very unequal, till they arc difv 
fiiied uniformly one ampng anpdier, as wq 
may very eafity conceive ; for till then, there 
will always be fixne Particles attraded w|di a 
greater Degree of Force one Way than they 
are anothen 

And if more qf die Solid be added to thi| 
Fluid, the Particles rf the Fluid will alfo ciit 
ier into that Solid, till each is furrounded on 
all Side^ with folid Particles^ a^ far as its at-? 
tractive Force reaches. After which die Fluid 
ift £iid to ht Jaturatfd^ and will di(£)lye nq 
more. 

Again, if more of the Fluid be poured wpo^ 
that Solid, tli^e fblid Particles will difiiife 
Aemfelves farther into thp Fluid^ till each of 
them )s encompapfed with Particles of the 
Fluid, as far as its attfaftive Force extends j 
and then they will fpread themfelves no fartfao*. 

But in ^ther Cafei if another Solid, or 
Fluid, the attraftiVe Force of whofe j^artides 
diiFer from thoie of the formq*, beadcbd, a 
frefti Fermentation will begin, prqvided the 
attraftive Forces bptwceo the Particles of the 
former Mixture^ and of thofe which are now 
added, have fuch Relation tp each ptfaer, as 
is neceiTary to produce it. 

Upon this Principle it ftiould ieem, diat a 
Fluid fhould always be capable of difS^vinj 
rnprf^ Aon an equal Quantity of a Mid j an< 
that a Solid ihould be capable of entrit^ m 

V and 
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and diiFufing itfelf through more than an equal 
<C^antity <rf Fluid; The R^^i^n why it is. fre- 
QUindy not fq, i$^ becaui^ it comiponly h^ppei^s^ 
VDat the Fluid, and the Solid are not of equal 
Ipeciftc Gravities. When the Solid is heavieft, 
fo many of its Particles will not afcend and 
enter into the Fluid, a$ would ptherwife have 
done ; and on the contrary, when the Fluid is 
heavieft, the Weight of its Particles will be an 
ImpedioKiit to their riiing into^ and difTolving 
the Solid. 

We haye np Occafion to diftinguifh Fer- 
mentation into two Kinds, with regard to its 
Caufes J for, according to the foregobg Theory, 
whenever two Fluids^ or a Solid and a Fluid, 
are put together, if the Particles c£ the one 
attradl thofe of the oth^, with greater Force 
than either thefe of the one, or thofe of the 
pther attrai6t themfelves, a Fermentation will 
tqually en^, the Cauie being the fame in 
both Caie^ 

When two Fluids, or a Solid and a Fluid, 
lerment with eadi other, if die Agitation and 
intejii^ne Motion of dieirPaiticles be very great, 
or continues a long Time, and i£ the Subftance 
of them be of the infUoirndble Kind, they will, 
by continually mbbing one againfl: another, be 
fufficiently heated to take Fire, and buril out 
into Flame ; as was faid of the ieveral Com- 
portions mentioned in die foregoing DiiTerta- 

tion. 

I . .. . 

OCC 
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See the Authors, ^o have explained and 
defended the old Solution, referred to by Mr. 
ysbnfon in his Quseftiones Philofoph. Cap. III. 
QiKfl. 5, 6, 7. 
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I Of the Nature and Tro^agatim of Light* 

N treating of the Natuf e of Fluids^ I have 
explained fuch ^hammena as refult from 
fmall Particles of Matter colleded toge- 
ther, and afted upon according to. the 
Laws of Mecbanifm j the Order of my Defigii 
now brings me to flbew how according to the 
fame Laws fuch ^bsnomena^ as refult front 
the Emilfion of infinitely fmall Particles from 
luminous Bodies, are produced \ which Py&^f-* 
nomena^ being the Means, whereby the Images 
of external Obje(5ts are reprefented to our 
Minds^ by the Intervention of our Organs of 

A Sight:, 



4 Of the Nature and Fart HI. 

Sights are for that Reaibn called p^//£:^/, and 
the ^)o(arine, by whidi they are explained, the* 
Science of Optics *• 

Every vrfible Body emits or reflcfts incon- 
ceivably fmall Particles of Matter from each 
Point of its Surface, which iffue from it con- 
tinually^ (not unlike Spark$ from a Coal) in 
ftrait Lines and in all Directions. ^Thefe Par- 
ticles entring the Eye, and ftriking upon the 
Retiva (a Nerve expanded on the back Parr 
©f the Eye to receive their Impulfes) excite in 
our Minds the Idea of Light. And as they 
differ in Subftance, 'Denlity, Velocity, or 
Magnitude fj they produce in us the Ideas of 
different Colours j: as will be explained in its 
proper Place^. , . 

.That 

• 

* optics is generally divided into two Parts, wV. Dtcptticsy under 
which is comprehended every Thing^ that relates to the Appear- 
iuicesof Bodies feen through tranfparent Subftances ; and CaUp^ 
Pricsy or what relates to the feeing of Bodies byv refleded Light. 
Yo thefe we may add a third, which properly comes under neither 
of the former Diftindions, and that is« the D^Ghine of Colmrs^ 
which explains every Thing that relates to the Caufes oi the DI- 
verfity of Colours obfervable in natural Bodies. 

. t 'Tis more probable, that they differ either in Magnitude, op 
Dendty, than in Velocity or Subfbnce. For, if the Difference of 
Colours arlle from the ditterent Velocity of the Rays of Light, then 
the Colours of Objeds would appear changed to an Eye placed un- 
der Water, or within any Medium differing, from the Air la Den- 
ficy : For when a Ray of Light paffes out oFa Medimm into another 
of difierent Denfity, it undergoes an Alteration in its Velocity, as 
will be explained hereafter. And to fuppofe them to differ in Sub*- 
fiance, is contrary to that Uniformity of Things, which is obfervable 
In the Uaiverre ; as well as repugaanc to that Uomgif»9pj in the 

pria^i 
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That the Particles, which conftitute Light, 
»x^ exceedingly fmall, appears from henc^ 
oiz. th^t if a Hole be made through a Piece 
of Paper with a Needle, all the Rays of Light 
which proceed at the fame Time, from all the 
Objefts on one Side of it, are capable of paf- 
/ing through it at once without the lead Con- 
iiiiion s for any one of thofe Ob jeds may as 
clearly be feen through it as if no Rays paded 
through it from any of the reft. Further, if 
a Candle is lighted, and there be no Obftacle 
in the Way to obftrudt the Progrefs of its Rays, 
it will fill all the Space within two Miles of 
it every Way with luminous Particles, before 
it has loft the leaft fenfible Part of its Subftance 
thereby^ 

That thefe Particles proceed from every 
Pcwt ^ tlie Surface of a viable Body^ and in 

l^imogeaeal Parts of Matter, wbkh from the Experhoeots hitherto 
made, is thought to exift every where. Whereas, if we fuppofe 
4bem to differ either in Magnitude or Denfity, nothing is more eafv 
than to fee how thofe %£ the ftme Kind fhould, however refradeJ^ 
produce the fame G>lours ; and alio how thofe which produce dif- 
ferent Colours Should fuffer different Degrees of Refraftion in 
]>a^g through the iame Midium. As to the firA, it is fel£.evi- 
ileot, becaufe Refradion cannot aker their Magnitudes or Denfities; 
^s to the fecond, it is probable that the more intenfe and flronger 
Colours, the Rays of which (uffer the leaft Refradion, are produced 
hy the larger, or more denfe Particles of Light : For, that fuch Par* 
tides (hould be leis refraded than others, is quite confonant to the 
Laws of AttradloD of Cohefion, which^ as it ads in Proportidb to 
■the Surfaces of Bodies only, muft neceffarily affeft the larger, or the 
. more denfe Particles, lefi than it does the reft ; becaufe fuch have 
larger M^m^nta of Forces in Proportion to ttueir Surfaces, than 
others have. 

At ■ all 
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al^ Direftions> is clear from hence^ c^/s, ber 
caufe where-ever a Spe^tor is placed with 
Regard to the Body» every Point of that Part 
of the Surface which is turned towards him, 
is vifible to him. That they proceed from the 
Body in right Lines, we arealTured, becaufe 
juft fo many and no more will be intercepted 
in their Paflage to any Place, by an interpofed 
Object, as that Objeft ought to intercept^ fup*- 
pofing them to come in fuch Lines. 

The Velocity, with which they proceed 
.from the Surface of the vifible Body is no lefs 
furprifing, than their Minutenefs: The Method 
iwhereSy Philofophers eflimate their Swiftnels^ 
is by Obfervations made on the Eclipfes of 
Jupiter s Satellites, which Eclipfes to us ap- 
pear about feven Minutes fooner than they 
ought fo do by Calculation, when the Earth 
is placqd between the Sun and him, that is, 
;wh€n we are neareft him, and as much later, 
when the Sun is between him and us, at which 
Time we are fartheft from him ; from whence 
Jt is concluded, that they require about feven 
Minutes to pais over a Space equal to the Dif- 
tance between the Sun and us, which is about 
eighty pnp Millions pf Jyjiles % 

A 

* This affords us enpther Proof of theYurpr'uing Fineneis of the 
Panicles of Light ; for the above-roentioded Velocity of the Rays 
\^ conGderably more than a Million of Times greater than that of 
a Canon Ball Were they not therefore inconceivably fmaH, tljB 
.Bye would be rather woun^ed^ than delighted with them \ and 
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A Stream of thefe Particles iffuing jfrom the 
Surfe^ce of a vifible Body in one and thp famo 
Direition, is called a Ray tof Light. 

As Rays proceed from a vifible Body in all 
Direftions, they neceffarily become thinner 
and thinner, continually fpreading themlelves, 
as they pafs along, into a larger Space, and 
that in Proportion to the Squares of their Dif- 
tances from the Body * j that is, at the pif- 
tance of two Spaces, they are, four Times thin- 
per, than they are at one ,- at the Diftance of 
three Spaces, nine Times thinner, and fo on : 
theReafon of which is, becaufe they fpread 
themfelves in a twofold Manner, ^iz. ijpwardsf 
^nd downwards, as vfeW as Side-Ways. 

the tender Flowers of Plants wouU ^e fo far irom being cheriiheSi 
by them, that they would be tore in Pieces, and not able to fiand 
before them. 

% 

* This Propofition is demonfirated mathematically thus ; Let us 
conceive two concentric Surfaces ABD> and EFG {Fig. i.) and ia 
che^e, two fimilar Portions £LFT, and AHBK ; lee the Rays C£ 
and CF^ with the reft proceeding from the Center C, fall upon 
the Portion ELFI and cover it ; 'tis evident from Infpe&ion of the 
Figure^ that' the fiime Rays at the Diflaace CH will cover the For^ 
tion AHBK only ; now thefe Rays being the (ame in Number at 
each Place^ will be thinner in the former^ than they are in the lat« 
ter, in Proportion as that is larger than this ; but thefe Spaces be* 
ing firoilar Portions of the Surraces of Spheres, bear the fame Pro- 
portion to each other^ that the Surfaces themfelves do, that is, they 
are to each other as the Squares of th^ir Radii CL, CH ; the Rays 
therefore are more diffiifed, or thinner in Proportion to the Squares 
of the fame Rj$dii^ or of their DKlances £fom the luminous Poinc 
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The Particles of Light are fubjedi: to the 
Laws of Attra^ion of Cohedoo like other 
finall Bodies, for if a Ray of Light be made 
to pafs by the Edge of a Knife, it will be di- 
verted from its natural Courfe, and be inflec- 
ted towards the Edge 9f the Knife. The like 
Infledion happens to a Kay when it enters ob- 
liquely into a denier or rarer Subfiance than 
that in which it was before^ in which C^fe it 
is faid to h^ refraUed ; the Laws of which 
•Kefradtion are the Subjed of the following 
Chapter "^^^ 

^ The Cartefistt Notion of Light, was aor^ that it is pro|):^t- 
ftd from laminous Bodies by the EmiiCon of fmall Particle^^ but 
chat it \rfts ^omimmicated to the Organ of Sight by thchr Prefiufe 
upon the Materis fubtilts, with which they fuppofed the Univerie 
%o be full. But according to this Hypothtfist it could never be 
<!ark ; becauie when a Fluid fuftains any PrefTure, if that Fluid 
l!lb all the Space it cakes up, abfolutely, wkheut leaving any 
Pores, which is the Cafe of the fuppofed Materia fubtiUs \ then 
that PreQure mufl necef}kti1y be conimunicated equally and infant 
I faneoujly to every Part : And therefore, whether the Sun were 
iabove or below the Horizon, the Preflure communicated, and con* 
fejuently the Light, would be the fame. And farther, as the Pref- 
ftire would be inflantaneous, fo would the Light, w-hich is con» 
trarv to what iscolle^Eed) as we obferved above^ irom the £dipiii9 
of J^f/ff *s SateUices. 
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C H A P. H. 

Of the Cauje of Re&aftion, and the LatV 
by wbicb it is performed. 

WHatever Subftance aRay of Light paf- 
fes through^ or if it pafs through a 
Space void of all Subftance, it *is faid hy Phi- 
lofophers to pafs through a Medium , and 
therefore if it paffes out of any Subftance, as 
Air or Glaf s, into a Vacuum^ it is faid to pa{$ 
out of one Medium into another. 

All Bodies being endued with an attra£tiv& 
!Force, which is extended to feme Diftance 
beyond their Surfaces ; when a Ray of Light 
paffes out of a rarer into a denfer Medium (if 
this latter has a greater attractive Force th^n 
the former, as is commonly the Care "^^ and 
what we ihall hereafter always fuppofe, unlels 
it be mentioned to the contrary) the Ray juft 
before its Entrance^ will begin to be attratfted 
towards the denfer Medium-, and this Attrac- 
tion will continue to ad upon it^ till fome 
Time after it has entered the Medium^ as we 
Ihall ihew by and by ^ and therefore if a Ray 
approaches a denfer Medium in a Dire^oa 
jperpeadicular to its Surface, its Velocity will 

* In oily tnd inflammable Bodies ic happens otherwife ; for they 
^c^bferved to acuaft more flropgly than others of greacei: Senllry. 

^ ' ' " be 
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be continually accelerated during its Paffage 
through the Space in which that Attradion 
exerts itfelf 5 and therefore, after it has pafTed 
that Spac^t it will move on, till it arrives at 
the oppofite Side of the Medium^ with a great* 
er Degree of Velocity than it had before it en- 
tered. So that in this Cafe its Velocity only 
will be altered. Whereas, if a Ray enters a 
denier Medium obliquely, it will not only 
have its Velocity augmented thereby, but its 
Diredion will become lefs oblique to the Sur- 
face. Juft as when a Stone is thrown down- 
wards obliquely from a Precipice, it falls td 
the Surface of the Ground in a Diredion near- 
er to a perpendicular one, than that with 
which it was thrown from the Hand. From 
hence we fay a Ray of Light in paffing out of 
a rarer into a denfer Medium^ is refraded to- 
wards the Perpendicular ,- that is, fuppofing 
a Line drawn perpendicularly to the Surface 
of the Medium^ through the Point where the 
Ray enters, and extended both Ways, the 
Ray in palling through the Surface is refraded 
or bent towards the perpendicular Line ^ or, 
which is the fame Thing, the Line which it d6- 
fcribes by its Motion after it has palfed through 
the Surmce, makes a lefs Angle with the Per- 
pendicular, than the Line it defcribed before. 
All which may be iUuih-ated in the following 
Manner^ 

Letj 
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Let us fuppofe firft^ that the' Rajr. pafTes' 
dut of a Vacuum into the denser ^Me^mm A 
BCD, (H^* 2.) arid that the attraaive Force' 
oT each Particle in the MediurU is extended 
from its refpedive Center to a Diftance equal 
to that which \s BetweeA the taihQS AB and 
EF, or AB and GR-, ancl let KL bfe the Path 
defcribed by a Ray of Light iri iti Prdgrefs 
towards the denfer Medium. This Ray. when' 
it arrives at L will enter the attr^dtive Forces 
of thofe Particles which lie" in AB the Surface? 
of the denser MediUnfy and will therefore ceafe' 
to proceed any longer in the right Line KLM, 
but will be diverted from its Courfe by being 
attrafted towards the Line AB, and will be-' 
gin to defcribe the Curve LN, pafling throilgti 
the Surface AB in fome new Diredion ais OQ^ 
thereby making a lefs Angle with ^ Lihe as 
PR drawn perpendicularly t'hrou^h the PoinC 
K5 than it would hdve done, hald it proceeded 
in its fir ft Direction KL M. 

Farther, whereas \v6 have fuppbfed thd 
attradive Force of each Particle to be ex-* 
tended through a Space eqiia'l to the Diftance 
between AB and JEF, it is evident the Ray 
after it has entered th6 Surface, will ftill be 
attracted downwards, fill it has arrived at 
the Line EF ,• for till that Time, there will 
jiot be fo many Particles above it which will 
attrad it upwards, as below, that will to at-* 
traft it downwards. So that after it has en- 

h terecl 
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tered the Surface at N, in the Diredion OQ^, 
it will not proceed in that Diredion, but will 
continue to defcribe a Curve, as N S, after 
which it will proceed ftrait on towards the' 
oppofite jSide or the Medium^ being attradked 
equally every Way j and therefore will at laft 
proceed in the Diredion XST ftill neajer the * 
Perpendicular PR than before. 

NoV if we fuppofe the Space ABYZ not ta 
be a Vacuum^ but a rarer Medium than the 
other, the Cafe will ftill be the fame j but 
the Ray will not be fo much refraded from its 
rediline^l Courfe, becaufe the Attradkion of the 
Particles of the upper Medium being in a con-^ 
trary Direftion to that of the Attraction of 
thofe in the lower one, the Attraction of the 
denfer Medkint will in fome Meafure be de^ 
ftroyed by that of the rarer. 

On the contrary, when a Ray paffes out 
of a denfer into a^ rarer Medium^ if its Direc-^ 
tHon be perpendicular to the Surface of the 
Medium^ it will only lofe fomewhat of its 
Velocity, in pafling through the Space of At- 
tra^ion of that Medium (that is, the Space* 
wherein it is attraded more one Way than it 
is another). If its DireiStion be oblique, itr 
will continually recede from the Perpendicu- 
lar during its Paflage, and by that Means haver' 
Its Obliquity encreafed, juft as a Stone thrown 
up obliquely from, the Surface of the Earth 
increafes its Obliquity all the time it rffes*. 
^hus, fuppofiDg the Ray XS pafljng out of the' 

denfep 



^^tt Medium ABCD into the rarer ABYZ^ 
when it arrives at S it will begin to be attract- 
ii€d downwards^ and fo will defcribe the Curve 
SNL, '.and then proceed in the right Line LK, 
rmaking a larger Angle with the Perpendicular 
^R, .thani:he Line TSX in which it proceeded 
during its Paffage through the oth^v Medium. 

The Sp^ce t&ough which the Attraction of 
Cohefion of the Particles of Matter is extendi 
,€d is fo very finally that in confidering the 
Progrefs of a Ray of Light out of one Medi- 
an into another, the Curvature it defcribes 
.in pafling through the Space or Attrfidion is 
generally negle^ed ^ and its Path is fuppofed 
ito be bent, or in the ufual Terms, the Ray is 
ifuppofed to be refraif^ed only in the Point 
where it enters the denfer Medium* 

Now the Line, which a Ray defcribes be- 
f(H'e it enters a denfer or a rarer Medium is 
^called the Incident Kay j that which it de- 
-fcribes a&er k has ^ntered^ is the RefrdHed 
^ay. 

. The Aqigle .comprehended between th^ In- 
KJident Ray and the Perpendicular, is the An^ 
;gk of Imidenae ; and that between the refraft- 
led Ray and the Perpendicular, is the Jngk tf 

^eframon* 

There is a certain and immutable L«w or 
Jlule,- by which Refraflioa is^ always performr 
led ; and that is this ^ Whatever Inclination a 
^y of ^ight has to the Surface oimyM^^^ 

3%^ m^ 
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fim before it enters it^ the Degree of Refrafti- 
'pn will always be fuch, that the Proportion 
between ]the Sine of the Angle of its Incidence, 
i^nd that of the Angle of its p.efr?i6ti6n, will 
Always be fh^ fame in that Medijiin '^•' 

To 

* Lemma. If from a*I?pint as M (Fjg, 4.) taken any where 
^without the Circle PNQ, a Liiie aa MP be d'ra^vn pafling through 
^ the Center of the Circle, and terminated in* the Circumference 
at P, the Produd of M'Q multiplied by MP 1$ equal to the Diffe. 
irence between the Squafes of ML and PL." 
• Dent. Call MQ, a j and the Radius of the Circle LQ or LP, 
h ; then will the Diameter QP be expreffible by %by and the whole 
Line JMP, by a-\-ih ; then multiplying MQ by MP, that is^ a by 
■a-jr^^9 w* have for the Produd'" of this, aa-^zab. Now the 
Square of fjic JLine ML, which is expreflible by dt-f-A, is aa-j-zab 
'^'bhy and the Square of PL is hb \ but the Difference between thefe 
Squares, ViZ* aa^iah-^^b aftd W is evidently aa-^zah^ anU 
therefore the Product of MQ multiplied by MP is equal to th« 
Difference between the Squares of ML and PL. j^. £. D. 

Dem, When a Ray of tight pafTes through the Space of At- 
traftion of any MfSium^ it i$^ evident that its Motiqn will be fuo- 
ieA tq the like Laws with thjtt of ProjeBileSy provided we fuppofe 
It' to * be ' aired *'6pdn with*alt VqiTal : Degree of F6rce during its 
whole PafTage through that Space, as is the Cafe of PrejiBiUs to 
whatever Height they are thrown from the Earth. We will there- 
fore pur a CaJe as nearly parallel as may be to that which was d'e» 
'inonftrared of PrejeBHes in the feventh Chapter of thefirft Part; 
a id fuppofe fjrfl, that the Force of Attraftipn of the.denfer Al«^/ir«» 
3s at all Diflances the fame as far fts it reaches, and that the Ray 
proceeds out of a cjenfei* into a' rar'Cr Jdeeitum y in which Cafe 1c 
.%vi]] be atrra^ed back towards th^ denfer Hedium; during ks Paf- 
faf^e through the Space of Attradion, in like Manner as a Proj^c^ 
tile thrown upwards is while it rifes from the Earth- Let then AB 
'• CD {Pie:, 4.>'reprefent't:He dt'nfei- Medmnt^ and ABEF the Space 
©f A cr ration.; and let GH be a Ray about to enter the Force of 
. Acrraftion at I J, and lee GH be produced to M, Now 'tis eyi- 
<iVnr, thar in this Supppfition, the Riay when at H, is in the fame 
tircumftance^ with^ Ptoj,eHth about to h^ thrown up\5rards ffopi 
\i Kwards iVl ; \i will therefore dcfciibe a Porci6n of a PdraM^ 
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To illuftrate this. Let us fuppofe ABCI? 
(Fig* 3.) to reprefeht a rarer, and AfiEF a 
idenkr Medium i let GH be a Ray ofX,ighc 

faffing 

as HI ; to which the Line HM will t>€ a TaoBent at H ; and 
^ch^ Line IK, in which ip would proceed after it has pafiecl 
the Space of Attraftion, a Tangent to it at I, for after having 
left the attradive Force at f, it goes ftralt on in its. laft Direc- 
tion. Let the Perpendicular IR he drawn meeting GH produced 
in M, and let KI be produced to L. On the Center L with the 
Radius LI5 defcribe the Circle PNQ, let fall the Perpendicular 
LO upon MR, and join the Points L and N. Now it is demoo* 
, flrated in theCafeofProjeftiles, that the P4r4i»#*#r of the Point 

'H is equal to rry^j and therefore the Parameter multiplied 

by MI is equal to HMq. And it is there farther demonftrated^ 
that the faid Parameter is equal to a fourth Part of the Height 
which a Body mufl fall from', to acquire the Velocity the Projefitk 
h^'ac H ; this Parameter therefore is a Quantity not at all de- 
pending on the Direftion of the Projeftilej but its Velocity only ; 
and confequently in «he prelent Suppoiicion it is a given Quantity^ 
the Ray GH being fuppofed to have the fame Velocity, whatever 
js its Inclination to the Sur&ce AB. Now the Tangent KI being 
. produced to L, will by the Property of the Parabola, bileft the 
other Tangent HM, wherefore the Line LO being parallel to HR, 
MR will alfo be bifeded in O ; and adding the equal Lines 01 
and ON to each Part, MN will be equal to IR ; but the Line IR 
js alfo a Line independent of the Inclination of the Ray GH, its 
Length being determined )^ |he Breadth of the Space of Attra^ion 
ABi^F only, and therefore ^N is a given Quantity. N0W9 
whereas MI, when mukiplied by the Parameter of the Point H» 
'which before was (hewn to be a given Line, is emial to the Square 
of HM, therefore the fame Line Ml when multiplied by: any other 
I given Line, (wz* MN) if it is not eoial to, will nevertheless bear 

a given Proportion to the Square of nM : But fince MI multiplied 
by MN bears a given Proportion (vit. a Proportion that does not 
depend on the Inclination of the Ray GU) to the Square of MHt 
its- equal, viz* the Produd of MQ mubipUed by MP (}7. £1. 5.) 
or what is equal to tbis^ the Di&rence between theSquaiesof 
I^L and PL (by the Iforegoing Lemmayw, which is the (ame 
' r Tfiing, >f ML and LI^ (becauie PL and U V« ^*i of the fame 



fjBffii»through the firft^n4«Rtering the feqon4 
itSTattd let HI be the refraaed Ray y theri 
*ippofij« the Porpeodicuiar PR drawn through 
dhe Point H, tQn ihe Center H, and with.any 

ftopoiknlPa^Sqiii^^* MH (i^Lbeang ecjual to half Mig 
ijiifrmmifly tbcrp '»• given Proportion between the Square of M 
i Md tbe IHffaitiioe irf ihe S<yure^ of AIL anrf U ; apd thQ«efi>Qje 
Mim is« c«««n Pi^r**>" b«w«en the Lines themfelvcs, ^vki. 
jiet wm JML aiKi *LL But in f very Triangle t}ie Sides ure propo«^ 
iKiMuiblc to the SiiKSjof -Ihcir oppofite Anglf?, therefore in ^ Tii- 
^aele MLU thefiincof the Aj^ie 'LMI h^ a giiren Prc^Mmon to 
jdhic Sine of the Aogte UM^ or of i^s Complement to two righr 
x>nes MIK (for they have the fime Sipe) : But LMI being an An* 
•^Icmade by the incident Hay Aft produced, wich the Perpendicu- 
to ilM, is the Angle.rf I»jciden«e, and MIK being n»de by the 
Wraaed.Ray H^ Awi the fame Perpendicular, is the Angle of Re- 
•frafiioQ, theirfoie in this Cafe there is a (^Miftant J^th between 
-the Sine of the Angle jof:Iiicid«nce, .«od tliat <rf the Angle of R«- 

r We h^ in the foregoing Dem^flwtion fiippofcd that the 
tforoe of A«ra«ii<m is .wery where^uniforai, but if it be otherwif*^ 
«nmdQfi it be :the :fii»e every wh^e.at the iame Diilance&fron 
Sie^Suitce AB, ^ei?roportimi -b^W€Pn the ftwementiooed Sines 
,«dll .ftill fce A ^venone. For, kt .us ia>agine the Space of At- 
itfaaion dividedjiotOfparalUl El^n^Sj.iand the Att«aaion ta be the 
5trDe thiw^h the Whole Breadth of each Pl^ne though difeitnt ia 
\i;firretit Planes, .«he Sine of the Angle of Incidence out of each 
?swill,.byvwkat has been ..demonftrat^ ab^ve, be to the Sine o£ 
,thc Angk «f ;Rtfai«i0»i :inco :the iMttt in a given ^Mi0 ; and 
.fht«fore,:iinoeitherSiiieiof the Angterof /Refraftion out .©f one 
rm^ >beithetSiifte :^ jheiAngleof ducideoee.iato the.next, it Is 
• ^fvidewc: that the Sftie.of the Angle of lacideoce ineotbe firft.wtil 
itein^a^gxTeafllUilif vo>the?Sin©of the l(lngle of 'Rtfi:a6tion.out of 
>>fhe kft. '.M<wrktauaifisp(>oIe ^^le- ThickiMfs of -thefe Planes dimi- 
niiked > m mf^m^. tod their Number proporoooaUy. increafed^ 
/she Law^ af <ftetefHon axSl AiU oontinne the &me ; tand* therefore 
' whether- fheiAttra&ion iheoinifoiim >or lAot,) there.jnriil be^acon- 
:^GbnriJU/t0ibeewe«n rthieiSine ^df tiff Aoj^le^of ij^q^ence and of 

•«jtf«ai«n. %ie,iB.' • . -^^ 



JRW/^J defcribe the Circle APBR, and froi» 
G and I'wheret^e incident ahdjrefradted Rays 
cut: the Circle, let fall the Lines .GlC and VU 
perpendicularly upon the Line PR, the former 
bf thefe will be the Sine of the* Angle of Inci- 
dence, the latter of Refradlion^ Now if m 
this Cafe, the Ray GH is fo reffakfted atH, 
that GK is double or treble, C^r. of IL, Aeti 
whatever other Inclination the Ray GH might 
kave had, the Sine of its Angle of Incidence 
would have^ been double,* ot treble, (^c* ta 
that of its Angle of Refra^icMu For Inftance>. 
Kad the Ray paflfed in the Line MH before 
Refrai^on, it would have paflfed in fome Line, 
as HN afterwards, fo fituated that MO fhould 
have been double or treble, (^c. of NQj 

When a Ray pafles out of a Vacuum into 
Air, the Sine of the Angle x^ Incidence \s found 
to be to that of Refradtion^ as 100036 t» 
^00000. 

When it pai&B out of Air into Water^ » 
about 4 to 3* 

When out of Ak* intoGlafs^ as about ij^ 

lO II* 

.When oi]« of AlTiOita a piaAoodt osabout 

'5 to 2r 
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CHAP.' m. 

0/ the ItefraSlion «/* Light mfajjitig ihr<f 
flam and f^berieal Surmces^ 

^ ^ S Rays of Light are capable of having 
JtjL ^^^^^ Progrefe altered by Refradtion or 
Reflection, it is poflible they may have vari- 
ous Inclinations and Diredions dmerent from 
thofe which they naturally acquire by proceed- 
ing from the Surfaces of viiible Bodies/ 

When they recede froni each other as they 
pafs alcMig, they are faid to diverge; and the 
Point they proceed from, is called the Kadi- 
antToinf. 

When they proceed towards any Point ap- 
proaching nearer together in their Prografy, 
they are then laid to coiwerge ; and tte P6iiit 
towards which they tend, is called the Focus^ 

This Fodiis may be either real or iwagina^ 
ry i it is faid to be real, when the Rays actu- 
ally proceed to it ^ but if they are intercepted 
in their Prbgrefs, or turned another Way be^ 
fore they reach it^ it is called their imagina- 
ry Focus. 

Sometimes it happens, that Rays are fb re- 
fracted or refleded, that they proceed after- 
wards, as from fome Point, which is not their 
true Radiant, then alfo that Point U called 

^^ itHaghary Focus. 
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When they proceed in parallel Lines, they 
dre then called parallel Kayi ,- and both their 
Focus and rddiknt Point is fuppofe'd to be at 
an infinite Diftance. 

When Rays pais out of one Mediurh ifato 
another, they fuffer various Alterations in 
their Motion, All which are expreffed in the 
eighteen following Propofitioris. 

I. When parallel Rays fall obliquely on a 
plain Surface of a Medium of different Denfi- 
ty, they are parallel alfo after Refradtion. 
Vox having all the lame Inclination to the 
Surface, they fuffer an equal Degree of Re- 
fra(ftidti* . 

II. When diverging Rays pafs but of a ra- 
rer into-d denfer Medium through a plain Sur- 
face^ they are made thereby to diverge lefs. 

Ft)r being all refracted towards their re- 

Ipedtive Perpendiculars, (which Perpendicu^ 

lars ai^e parallel to one another) they are brought 

'nearer to a Paralelifm themfelves, that is, they 

are made to diverge lefs than before. 

See this and the following Cafes exprejfed 
more deterrhinaiely^ and dtmovjirated in the 
Note below *. 

HI. When 

* L When Rays pals out of one MeMum Irito another of dif. 
ferent Denfity through a plain Sutface, if thiey diverge, the fodat 
Bifiance will be to that of the radiant Point ; if ciey converge,v it 
l^ill be to that of the imaginary Focus of tht iorideat Rays^ as 

' C tht 
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III. When they proceed out of a denfer in- 
to a rarer Medium^ the contrary happens j 
for then being refraded from their refpe(3tive 
Perpendiculars, they are made to diverge 
jnore# 

IV. So 

• 

the Sine of the Angle of Incidence U to that of the Angle tf 
Refraftion* 

This Propofition admits of four Cafes. 

Cafe I. Of diverging Rays paiCog out of a rarer into a denfer 
^ledhsm, 

Bern, Let X (F/^. lo.) reprefent a rarer, and Z a denfer Afe- 
t^iumy feparated from each other by the plain Sur£ice AB ; fu^^ole 
CE and CD two diverging kays proceeding from the Point C, 
the one perpendicular to the Surface, the other oblique ; through 
E draw the Perpendicular PK. The Ray CD being perpendicular 
to the Surface will pi'oceed on in the right Line CQ, but the other 
falling obliquely on it at £, and there entring a denfer Medium^ 
. will fufftr a Reiiattion towards the Perpendicular £K. Let then 
£G be the refraded Ray, and produce it back till it inteifefts 
DC produced alfo, in F ; this will be the focal *Point. On 
the Center £ and with the Radius £F, deibribe the CIrde 
A F B Q, and produce EC to H ; draw HI the Sine of the 
Angle of Incidence, and GK that of Refradion ; equal to this 
js Fi^ or CM which let be drawn. Now if we fuppofe the Points 
D and £ contiguous, or nearly fo, then will the Line H£ be al- 
moft coincident with FD, and therefore FD will be to CD asli£ 
to CE ; but HE is to CE as HI to CM, becaufe the Triangles 
Hie and CME are fimilar, that ij, the focal Difiance of the Ray 
- CE is to the Diftance of the Radiant Point, as the Sine of the 
Angle of Incidence is to that of the Angle of Refradion. 
J^. £. D. 

Obf. I. Whereas the Ratio of IE fo ME, or uibkb is the fame 
Thing, thai of nD to CD bears the exaB Proportion of HI to CM, 
and hccattfe this, {being the Ratio of the Sine of the Angle of 
Jncidevce to that of the Angle of KefraBion) is always thefame^ 
the Line In is in all Jndinatiojfs of the Kay CE, at the fam% 
Diflance from CM ; confequently had CE been coincident with cS, 
the Point H had fallen upon n ; and hecatife the Circle paffet 
through both H (^nd F, F vfould alfo have fallen upon n ; upon 
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IV. So when converging Rays pafs out of 
a rarer mto,2i denser Medhim^ through a plain 
Surface^ they are made thereby to converge 
lefs. ' 

For 

Kvhfcb Account the Focus of the Ray CE 'ivould have heen there: 
tut .the Kay CE being ehlique to the Surface DB, the Point H is 
at fame Diftance from n ; and therefore the Point F is necejfarily fo 
SoOf and the more fo by how much the greater that Difiance is : 
from whence it is deary that no two Rays flowing from the ra- 
diant Point G and falling with different Obliquities on the Surface 
BD, will after RefraBion there^ proceed as from the fame Point ; 
therefore ftriBly fpeakingj there is no one Point in the tine D frO" 
ducedy that can more properly hp called the Focus of Rays flowing 
from C, than another : for thofe which enter the refraBing Sur* 
face near D, will after RefraBion proceed, as has been ohfervedy 
from the Parts about, n ; thofe which enter near £> will flow as 
from the Parts about F ; thofe which enter about T, as from 
fome Points in the Line DF produced, &c. And it is farther to be 
ohfervedy that when the Angle DCE -becomes large ^ the Line nP 
increafes apace ; wherefore thofe Rays which fall near T, proceed 
after RefraBion, as from a more diffufed Space, than thofe which 
fall at the fame Difiance from each other near the Point D. Vp* 
on which Account it is ufual with Optical Writers to fuppofe the 
piflance between the Points where the Rays enter the plain Surface 
of A refraBing Medium, to be inconfiderable with Regard to th$ 
Difiance of the radiant Point, if they diverge ; or to that of their 
imaginary Focus, if they converge: and unlefs there be fome par-* 
iicular Reafon to the contrary, they confider them, as .entring the 
refraBing Mediup in a DireBion as nearly perpendicular to its 
Surface as may be. 

Cafe 1. Of diverging Rays proceeding out of a deofer into a 
rarer Medium. 

Denu Let X be the denfer, Z the rarer Medium, FD and FE 
two diverging Ray$ proceeding from the Point F \ and fuppodng 
the Perpendicular PK drawn as before, FP will be the Sine of 
the Angle of Incidence of the oblique Ray FE, which in this Cafe 
being refraded from the Perpendicular, will pafs on in fome Line 
as ER, which being produced back to the Circumference of the 
jCifcle will cut the Ray FD fomewhere, fuppofe inC, chi$ there- 
*•" C * fore 
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For b^ing all refra^ed towards their re- 
fpe^ye Perp^diculars, they themfelves are 
brought nefirer to ^ Parglelilpi, and fo ppn- 
verge lefs. 

V. On 

fore will be the imaginary Focus of the refraAed Ray HB> > ^niv 
RS the 3ine of the'Angle of ^^efradion, to which Hi w|Il be 
equal': biut here alfo P? or its etjual CM, is tp H|, as EC to £H, 
or (if the Point D and £ be confidered as contiguous) as DC to 
DP ; that is, the Sine of the Angle of Inpidencje is to the Sine of 
the Ang!e of Relfradion, as the focal Diliance to t)iat of the jradi- 
gnt Point. ^ 6. p. 

Cafe J, Of cohvergipg ^ays pail|ng out of a denfer Medium in" 
to a rarer. 

Dem. Let Z be the denfer, X the rarer Medtum^ and GE the 
incident Ray, this will be refra^ed from the Perpendicular into a. 
Line as EH ; then all Things remaining as before^ GK» or its 
equal FP, or CM will be the Sine of the Angle of Incidence, 
and HI that of Refradion : but thefe Lines, as before, are to each 
pcher, as DC to DF, that is, the focal Diiiance is to the Difiance 
of the imaginary l^ocus, as the Sine of the Angle of Incidence to 
that of the Angle of Refraftion. ^. 6. D. 

C'tfe 4. Of converging Rays pailmg out of a rarer intp ^ dfn* 
fer Medinrh: 

Dem, Let Z be the rarer, X th^ denfer Medium^ and RE the 
incident Ray ; this will be refracted towards the Perpendicular 
into a Line, as EF ; C will be tHe imaginary Focus, and F the 
real one, HI whifch is equal to RS, the Sine of the Angle of In- 
c'dence, and FP that of the Angle of ft.efraftion : but thefe are 
(6f to each other, as DF to DC ; and therefore the focal Diflance is 
Xo that of the imaginary Focu5, as the S!ne of the "Angle of Inci* 
dcnce js tp that qf the Angle of Refradion. ^. fi. i>, . ' 

II. Whet) parallel Rays fall upon a fpherical Surface of diffe- 
rent Dehfity, the focal Difiance'will be to the Diflance of the Cen- 
ifit of Convexity, as the Sine of the Angle of Incidence is to 
the Dfferen'pe between that Sine anil the Sine of the Angle oC 

''7^^s Proportion admits of four Cafes. 
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. V. On the contrary, when they proceed 
p^t of a denfer into a rarer Medium^ they are 
xcfradied the contrary Way, and fo made to 
converge more. 

AU 

Caf4 u Of panllel Rays pafling out of a rarer into a denftr 
Medium through a convex Surface. 

' Dim. Let AB {Pig. 11.) reprefent a convex Surface^ C its 
Center of Convexity ; HA and DB two parallel Ray^ paHing out 
of the rarer Medium X into the denCer Z, the one perpendicular 
to the refraining Surface, the other oblique : draw CB, this being 
a Radius, will be perpendicular to the Surface -at the Point B ; 
and the oblique Ray DB being in this Cafe refraded towards the 
Perpendicular, will proceed in fome Line, as BF, meeting the 
other Ray in F, which will therefore be the focal Point : produce 
CB to N, then tvill DBN, or its equal BCA be the Angle of Inci- 
dence, and FBC that of Refra&ion. Now, tohereas any Angle 
has the fame Sine voith its Complement to ttvo right onesy the 
Angle FCB being the Complement of ACB, which is equal to the 
Angle of Incidence, may here be taken for that Angle ; and 
therefore, as the JSiifef of a Triangle have the fame Relation io 
each other, that the Sines of their oppofite Angles have, FB being 
eppofite to this Angle, and FC being eppofite to the Angle ef tLtftaC" 
eion, they may here be confidered as the Sines of the Angles of 
Incidence and of Refraftion ; and for the fame Reafon CB may 
be confidered as the Sine of the Angle CPB, which Angle being 
together with the Angle FBC, equal to the external one ACB 
(32. B/. I.) is itfelf edual to the Difference between thoie two laft 
Angles ; and therefore the Lme FB is to CQ as the Sme of the 
Angle of Incidence is to the Sine of an Angle which Is equal to 
the Difierence between the Angle of Inddence and of RefradionJ 
Now, becaufe in very fmall Angles as thefe are, for we fuppofe 
in this Cafe alfo the Diftance AB to vanifr, the Reafon of whtcb 
mil be fjewn by and by, their Sines bear nearly the fame Propor- 
tion to eadh other that they themfelves do, the Diftance FB will 
be to CB ias the Sine of the Angle of Incidence is to the Dilfe* 
rence between xhat Sine and the Sine of the Angle of Refradion ^ 
but beeaufe BA vanifies, FB and FA are equalj and there&re FA 
IS to CA in that I'lroporcion, jg. 6. !>• 

pbC t." 
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All which may be illuftrated in the follow- 
ing Manner, i. Let AB, CD, (F/g. ^.) he 
two parallel Rays falling on the pl^in Sucface 

EF 

Ob£ 2. It appears from the foregoing Demonjhafun, that the 
ffcalDiJiance «/ the obVqtu Rjiy J^, is fitcb, that the Line BP 
(ball be te the Line CB 0r QK as the Sine cf the Atigie eff Ind* 
Jence to the Sine ef sn Angle^ which Angle is eifual to the D/jfe- 
fence between the Angle ef Incidence and KefraSHon ; therefore fe 
hng as the Angles BCA) Sec. are fmall, fo long the Line CB is 
petty much of the fame Lengthy heeaufefmall Angles have nearly 
the fame Relation to each other that their Sines have* But when 
$he Point B is removed far from A, fo that the Kay DJB enters the 
Surface ftjfofe about O, the Angles BCA^ &c becoming largef 
$be Sine ef the Angle of Incidence begins to bear a confiderahlf 
lefs Proportion to the Sine of, an Angle which is e^nal to tie Dif- 
ference between the Angle of Incidence and Kefra^ion than before^ 
snd therefore the Line BF begins to bear 41 much lefs Profortion te 
BG ; where foH its length decreafes-apace : Upon which Account thfe 
Kays which enter the Surface about O, not only meet nearer the ' 
Center of Convexity than thofe which enter at A, but are. colleBed 
into a more difiuied Space, From hence it is, that the Point 
where thofe only which enter near A» are coUeSedy is reckoned the 
true Focus ; and the Dijlaace AB in all Demonfirations relating 
te the Foci of parallel Kays entring a fpherical Surface whether 
eenvex or concave^ is fuppofed to vaniHi. 

Cafe £• Of parallel Rays pafliag out of t denfer into a rarer 
Medium through a convex Surface. 

* Dem. iJtt X be the denfer, Z the rarer Medium^ AB the Sur^ 
iiice by which chey are feparate d» C the Center of Convex!^, and 
HA and D8 two parallel Rays, as before. Through B the Poiac 
where the obfique Ray DB enters the rarer Medium draw che Per« 
peodkular CN ; and let the Ray DBy being in this Caie refiadcxi 
from the Perpendicular, proceed in the Direftton BM ; produce 
BM hack to H ; this will be the hnaginary Focus, and DBN, or 
ks equal ACB will be the Angle of Incidence, 9oA CBMy or its 
^al H£N rfor they are vertical) that of Refiadion ; produce 
X>B to L and draw EF fuch, rfaac the Angiie LBF mnj be equal to 
DBH : then becaufe NBD aAd DBH together are equal »> NBH 
the Angle of Refraftion, therefore BCA which is equal to the firft, 
and LBF which is equal to the fecond, are together equal to the 

Angle 
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£F of ;a Medium of different Denfity : uow 
becaufe they both make equal Angles of Inci- 
dence with their refpe(ftiye Perpendiculars GH, 

IK 

An^e of Reftaftion ; but LBF Js equal to BFA (as "being dter- 
iMite to it) confequently BFA and BCA together are.e^ual to the 
Angle of Refradion ; and therefore finceone of them, viz, BCA 
is equal to the Angle of Incidence, the other is the DiSerence be- 
tween that Angle, and the Angle of Refradion^ Now FB the 
Sine of the Angle FCB, or which is the feme Thing, of its Com- 
plement to two right ones BCA, the Angle of Incidence h to 
CB the Sine of the Angle BFC^ as FB to CB, that is as HB to 
CB ; for the Angles DBH And LBF being equal, the Lines BF 
and BH are fo too ; but the Diftance BA vanilhing, HB is to CB, 
as -HA to CA : that is, the Sine of the Angle of "^Incidence is to 
the Sine of an Angle which is the Difference between the Angle 
of Incidence and Refradion, or becaufe the Angles are imall, to 
the Difference between the Sine of the Angle of Incidence and 
that of Refradion, as the Difiance of the Focus from the Surface 
is to that of the C enter from the fame. J^. €, D. 

Cafe 5. Of parallel Rays pafling out of a rarer into a deafer 
Medium through a concave .Surface. 

Dem. Let X be the denfer Medium having the concave Surface 
AB, and let LB and. FA be the incident Rays. Now whereas, 
when DB was the incident Ray, and paffed out of a rarer into a 
denfer Medium^ as in Cafe the firfi^ it was refraded into the Line 
BF, this Ray LB having the lame Inclination' to the Perpendicu- 
lar^ will alfofuffer the lame Degree of Refradion, and will there- 
fore, pafs on afterwards in the Line PB produced, v, g. towards P. 
So that, whereas in that Cafe the Point F was the real: Focus of 
the incident Ray DB, the lame Point will in (his be the imagittary 
Focus of the incident Ray LB : But it was there demonitfated, 
that the Diftance FA is to CA, as the Sine of the Angle of Inci- 
dence is to the Difference between that and the Sine of the. An- 
gle of Refradion, therefore the &cal DiAa<ice of the refradsd 
' Rs^y BP is to the Diftance- of che Center of Convexity in thac^ 
Proportion. Jg. fi. J>. 

Cafe 4. Of parallel Rays pafldng out of a denfer into a>raiier 
^dium through a 4:oacave Surface. 

Defn» Let X be the, rarer Medium ^ having the concave Surface 

|0^, and lee LB and FA be the mhkax Ba^ m before. . Now 

whereas 
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IK, before Refradion^ they will make ecjoaJ 
Angles of Refradion with them afterwards, 
and fo proceed on in the parallel Lines BL 

DM. 



whereas,* when DB was the incident lUy paffing out of a deafer 
iitto a rarer Medium, it was rehrafted into BM, as in Cafe the 
fecond, having a Point as H in the Line MB produced, for its 
imaginary Focus ; therefore LB^ for the like Reafon as was gFven 
in the laft Cafe, will in this be refraded into BH, having the 
iame Point H for its real Focuak So that here alTo the focal Dif- 
tance will be to that of the Center of Convesity, as the Sliie of 
the Angle of Incidence is to the Difference between tiM and the 
Sine of the Angle of Refradion. Jg. £. -D. 

III. When diverging or converging Rays enter into a Mediutn 
of different Denfity through a fpherical Surface, the Ratio com- 
pounded of that which the focal Diflance bears to the Diftance of 
the radiant Point (or of the imaginary Focus of the incidtrnt Rays^ 
if they converge) ; and of that, which the Di fiance between the 
fame radiant Point (or imaginaty Focus) and the Center, bevs 
to the Difiance between the Center and the Focus, is equal to the 
R/itioy which the Sine of the Angle of Incidence bears to the 
Sine of the Angle of RefraAion. 

This Proportion admits of (ixteen Cafes. 

Cafe I. Of diverging Rays pafling out of a rarer into a denfer 
Medium^ through a convex Surface, with fuch a Degree of Diver- 
gency, that they (hall converge after Refraction. 

Vem. Let BD {Pig. ii.) reprefent a fpherical Surface, C its 
Center of Convexity, and Jet there be two diverging Rays AB 
and AD, proceeding from the radiant Point A, the one perpen^ 
dicular to the Surface, the other oblique. Through the Center C 
produce the perpendicular one to F, and draw the Radius CB 
and produce ic to K, and let BF be the refraded Ray ; then will 
F be the focal Point : produce AB to H, and through the Point F 
draw the Line FG parallel to CB. AB being tfaie incident Ray, 
and CK perpendicular to the Sur£ice at the Point B, the Angle 
ABK, or which is equal to it, hfcaufe of the faralM Lines CB 
and ?Qy FGH, is the Angle of Incidence. Now vjhereas the 
Complement of any Angle to two right ones bar the fame Sine 
^ith the Angle itfelf, the Sine of the Angle FOB, that being the 
Complement efFGH te two right ones, may he conftdered as tb§ Sine 
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DM. 2. Let the diverging^ Rays AB, AE^ 

AF, (Fig* 6.) pafs out of a rarer *into a den--' 

• fer Me^iutn^ through the plain Surface GHy 

and 

cf the An^le of Incidinci ; which Sine the tine ^B, at fie ^idil 
dfa Triangle have thefamt Relation U each other, that the Sines 
cf their^ oppojite Angles have, may be taken for. Again, the An-' 
gle FBC is the Angle of Refradion, or its equal, becaufe alter* 
fiate to it, BFG, to which Btj being an ifpofite side^ may b^ 
looked upon as the Sine. But FB is to BG In a Buitio compounded 
ti FB to BA^ and of BA to BG, Pr the Ratio ihat any twtf 
Quantities bear to each other, is compounded of the Ratio, 'vohich 
the frft bears to any other, and of the Ratio nxihich that other beari 
to the fecond. Now FB is to BA, Juppofihg BD to vanifi, as FD. 
to DA ; and BA is to BG, becaufe of the parallel Lines CB and 
FG, as AC to CF. That is, the Ratio compounded of FD, th^ 
focal Dijfance, to DA, the Difiance of the radiant Point, and of 
AG, the Difiance between the radiant Point and the Center, td 
CF, the Difiance between the Center and the Focus, is equal to' 
that which the Sine of the Aiigle of Incidence bears to the Sine 
of the Angle of Reha^iion, J^. £. D. 

Obf. 5 . Wiiereas the focal Difiance of the oblique ^ay AB ii 
fuch, that the compound Ratio of FB to B.A and of AC to CF 
Jball be the fame, whatever be the Difiance between B and D ; ii 
is evident, that finte AC is always of the fame Length, the 
more the Line AB lengthens, the more FB mufi lengthen too, dr 
elfe FC mufi fiorten ; but it appears by InJpeBion of the Figure^ 
that if BF lengthens, CF will do fo too^ and in a greater Pro* 
portion with refpeB to its own Length than BF will, therefore the 
Lengthning of BF will conduce nothing towards preferving th^ 
BqiMlity of the Pfoportion : but 4i AB lengthens^ BF and CP 
mufi both fiorten, which is the only pojpble nay wherein the Pro* 
portion may be continued the fame. And it is alfo apparent, thai 
the farther B motes from D, towards O, the fafier AB lengtheni^ 
and therefore the farther the Kays enter from D, the nearer to 
the refra^ing Surface is ihe Place where they meet^ but the Space 
they are collected in, it the more diffufed •' And therefore in thit 
Cafe, as well as thofe taken j^iee of in the two foregoing Obferva* 
tions, different Rxtys^ though flowing from the fame Point, fhalt 
ronfiitute different Focus's ; and none are fo cffedual as thofe 
^hich enter at or very neat the Point D, Andfinee the fame is oh^ 

* D fervahli 
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and let the Ray AB be perpendicular to that 
Surface r the reft being refraded towards their 
refpe(Jtive Perpendiculars EK, FM, will pro- 
ceed 

fervahU of converging as well as of diverging Rays^ 9tone excepi 
thofe which enter very near that Pointy are ufually taken into CM' 
Jt^erafion ; upon which Account it //, that the Btfiance DB, in de^ 
tetmining the focal Di fiances of diverging or converging Aays en* 
tr'ing a convex or concave Surface^ is fuppofed to vanifli, , 

Thofe who would lee a Method of determining the precife Point, 
which the Ray AB, whether it be parallel, converging, or diverging 
to the Ray AF, converges to or diverges from after Refradion at 
B or any other given Point in the SurJace DO, may find it in the 
Appendix to Molineux\ Optics , which for the Sake of thofe whq 
have ho: that Book, I (ballTubjoin at the End of this Note. 
• Cafe 2. Of converging Rays paiCng out of a rarer into a denfrf 
Medium through a concave Surface with fuch a Degree of Conver- 
gency, that rhey (hall diverge after Refrailion. 

Dem, Let the incident Rays be HB and FD parting out of a 
rarer into a dertfer Medium through the concave Surface BD, and 
tending towards the Point A,, from whence the diverging Rays 
flowed in the other Cafe; then the oblique Ray HB having its 
Angle of Incidence HBC eoual to ABK the Angle of Incidence ia 
' the former Cafe, will be refraCled into the Line BL fuch, that its 
refraded Angle KBL will be equal to FBC the Anole of Refraftion 
in the former Cafe ; that is, it will proceed after ^.efradion in the 
Line FB produced, having the fame focal Diftance F!D with the dr- 
vtrging Rays AB, AD, in t"he other Cafe. But, \>j what has 
been already deriionftrated, the Aafto compounded of FD, th 
focal Difianccy to DA, irt^ this Cafe^ the Diflance tif the imaginarj 
Fccus of the incident Rays, and of AC, the Dijlanct Betqjoeen the 
fame imaginary Fociis and the Center to CF, the Difiante Between 
the Center an i the Focus^ is equal to that which the Sine of the 
Anole of Incidence bears to the Sine of the Angle of RejGradioiu 

Cafe 5. Of diverging Rays faffing out of a rarer into a denfer 
Medium through a convex Surface with fuch a Degree of Divert 
gency as to continue diverging. 

Dem. Let AB, AD {fig, 13.) be the diverging Rays, and W 
their Divergency be fo great, that the refrafted Ray BL fhall alfo 
diverge from the other; produce LB back to F which will be the 
focal Point ; draw the Bjsdx]p CB and produce itto Kj produe^ 
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ceed in the Diredlions EN and FOj diverg- 
ing in a lefs Degree from the Ray AP, than 
they did before Refraction. 3 • Had they pro- 
ceeded 



BA likewife towards G, and draw FG parallel to BC. Then will' 
vjVBK be the Angle of Incidence, whofe Sine BF may be taken ior, 
as being oppofite to the Angle BGF, which is the Complement of 
the other to two right ones. And LBC js the Angle of Refraftion, 
or its ^ual KBF, or which is equal to this, BFG, as being alter- 
cate ; therefore BG the oppofite Side to this may be taken for the 
Sine of the Angle of Refraftion. But BF is to BG, for the like 
Keafon as was given in Cafe the fir A, in a Ratio compounded of 
BF to BA, and of BA to BG. Now BF is to BA (DB vanifhing) 
as DF to DA, and becaufe of the parallel Lines FG and BC, the 
Triangles CBA and AGF are fimilar, therefore BA is to AG as 
CA to AF, confftjuently BA is to BA together with AG, that is, 
to BG| as CA is to CA together with AF, that is, to CF. There- 
fore the Ratio compounded of DF the focal Diflan^ to DA the 
piftance of the radiant Point, and of CA the Diftanc^ between 
the radiant Point and the Center^ to CF the Diftance between the 
' Center and the Focus, is equal to that which the Sine of the Angle 
, pf Incidence bears ro the Sine of the Angle of Refradion. J^. £, D. 

Cafe 4. Of converging Rays paffing out of a rarer into a denfer 
Medium through a concave Surface in fuch Manner that they fliall 
continue converging. 

Dem. Let HB and CD be the incident Rays parting out of the 
rarer into the denfer Medium througfei the poncave Surface BD, 
and tending towards A the fame Point from whence the diverging 
Rays flowed in jtHe laA Cafe. Then becaufe the Ray HB has the 
fame Inclinatjion to the Perpendicular CK that AB had before, it 
'will fufier the fame Degree of Re&adlon, and pafs on in the Line 
LB produced, having its Focus F at the fame Diftance from the 
refrafting Su^ac.e as that of the diverging Ray AB in the other 
Cafe. "Therefore,' ©»<;. ^S.D. 

Cafe ^. Of diverging Rays pafllng out of ^denfer into a rarey 
Medium through a cpnyex Surface. 

Dem. Let AB, AD (F/^. 14.) be the incident Rays paffing 

out of a denfer into a rarer Medium through the convex Surface 

BD whdfe Center of Cpnvexity is C ; and let BL be the refrafted 

.Ray, which produce back to F, and draw FG parallel to CB. 

Here. ABK is the Angle of Incidence, to whiph its alternate pne 
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ceeded out of a denfer into a rarer M^itm^ 
they would have been refrained from their Per^f 
pendiculars EK^ FM, and therefore have dir 

verged 

FGB being equal, FB the oppoGtje Side m%^ be confidered.astJxe 
Sine of it. The An^le of Refraaion is LBC or FBK, of which 
BFG being the Complement to two right ones, Bp the oppolite 
Side may be looked upon as its Sine. But BP is to £G, in th9 
compound Ratio of BF'to BA and of BA to BG for the Reafoa 
given above. Now (BD vanifhing) BF is to BA as DF to DA. 
and BA is to BG as A to CF. That is, the Ratio compounded 
iof the focal Diftance to the Diflance of the radiant Point, fiff^?. 

Cafe 6. Of converging Rays pafllng out of a denfer into a rarejp 
Medium through a concave Surface. 

Dem, Let HB, CD be the incident Rays tending toy^ards the 
point A whiph was the Radiant in the la(t Cafe, Then, for the 
Reafons already given, the oblique Ray will fuftef fuch a Degree 
of RefraAion, fis to have its Focus F at the fame Diftance from the 
iSufface, as the diverging Rays ABj AD had in chat Cafe. There- 
fore, 8Pr. ^S.D. 

When th^ Mediums through which Rays pafsj and the refradine 
Surfaces are fuch^ that Rays flowing from A {Pig> I2.) are col- 
lefted }n F, then Rays flowing from F through the feme M«- 
dJums the contrary Way, will be colleded in A. For when Rays 
pafs out of one Medium into another^ the Sine of the Angle of In- 
cidence bears the fame Proportion to the Sine of the Angle of Re- 
fraftion, as the Sine of the Anqle of Refradion does to the Sin^ 
of the Angle of Incidence, when they pals the contrary Way. 
This is applicable to each of the fix following Cafes compared re- 
Ip.edively with the fix foregoing ; therefore they may be conddered 
as the Converfe of 'thjcm ; or they may be demonftrated jndepea- 
ciently of them, as follows. 

Cafe. 7. Of diverging Rays paffing out of a denfer into a rarcf 
>7>.^';Vm through a concave Surface, fo a§ to converge afterwards. 

Dem. Let AB, AD (F/g. 15.) be two diverging Rays paifiqg 
^Hrouoh the concave Surface BD into a rarer Medium.. Let C b^ 
the Cenrer of Convexity, and JBF the refrafted Ray. Draw CB 
and produce it to K, and dr2)»^ FG parallel to it meeting AB pro* 
idwifd in'0. then will ABC be'thc Aqgle of Incidence, of which 
Ff* being oppofice to its alternate and equal Angle FGB, may be 
f.»)fifidered f5 thie Sine. The Angle of RefraftioA i$ FBK- cf which 

€9 
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y erged more thgn before. 4. Ilet the . con-? 
verging Rays Ab, CD, EF (Fig. 7.) pafs 
out of a r^^r iato a den&r Me^iumy through 



the 



iGB being opppfite to its Complement to t,wo right pnes ,GFB, may 
J>e taken for the Sine. Now FB is to BO, in a ll/«//(» compounded 
of FB to BA, and of BA to BG. But (BD vanifhing) FB is to BA. 
^s FD to DA, and becaufe of the parallel Lines CB and FG^ BA. 
is to BG as GA to CF. Thlerefore the focal Diftance, &c. ^. 6. D. 
, Caje 8. Of converging Rays paffing out of a denfer into a rarer 
Medium through a convex Surface, fo as to diverge afterwards. 

Dem. Let GB and Ft) be the incident Rays tending towards 
A, and produce FB to L. Then as AB in the laft Cafe was refraft- 
ed into BF, GB will in this be refraded into BL, for the Rea- 
fons already given, having F for its focal Point. Therefore, Spc^ 
^ 5. D. 

Cafe^, Of diverging Rays pafling out of a denfer into a rarer 
^Udinm through a concave Surface, in fuch Manner as to continue 
diverging. 

Vem. Let AB, AD (Fig, i6.) be two Rays parting out of a 
4enfer into a rarer Medium, through the concave Surfcce DB whofe 
Center of Convexity is C Draw CB, produce it to K, and let 
.BL be the refracted Ray, produce BL back to F, and draw FG 
parallel to CB meeting BA oroduced in G. Then will ABC be 
the Angle of Incidence, ol which FB being oppoGte to its alter- 
jnate and equal Angle TGB, may be coofidered as the Sine. Tl^e 
refraaed Angle is LBK, or its equal CBF, of which BG being 
oppofite to its Complement to two right ones BFG, is tiie Sine. 
, ^ow ^BF U to BG in the compound Ratio of BF to BA and of BA. 
to BO : but BF is to BA as DF to DA ; and becaufe of the paral- 
lel Lmes CB and FG, the Triangles BCA, AGF are fimilar, there- 
. fore BA is to AG as CA ro AF,, and confequently BA is to BG a^ 
CA to CF. Therefore, &c, J^. S. D. 

Cafi 10. Of converging Rays pafling put of a denfer into ol 
rarer Medium through a convex Surface^ in fuch Manner aa to con- 
tinue converging. 

Dem. Let HB, MD be the incident Rays tending towards the^ 
. Point A. Then will the oblique Ray HB for the Reafons already 
given be refrafted into BF. Therefore^ QPc. J^. 6. D. 

Cafe u. Of diverging Rays pafling out of a rarer into a den&f 
fdifiiiivi through a concave Surface. 
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the pjlain Surface G H, and let the Ray 
AB be perpendiculgir to that Surface, then 
the other Rays being refraded towards their 

refpeiftive 

« 

Dim, L^ AB, AD (Jig, 17.) be the incident Rays paflTing out' 
of a rarer inco a denfer Medlnmy through the concave Surface BD 
wbofe Center of Convexity is C, and fuppofing the Line CB drawn 
and produced to Kj the refracled Ray BL drawn and produced 
.l>&ck to F, and alfo VG drawn parallel to CB, ABC will be the 
Angle of Incidence, of which FB being oppofice to its Comple- 
ment to two right' ones EGF, is the Sine. The Angle of Refrac- 
tion will be LBK or its etjual FBC, of which BG being oppofite 
to its equal and alternate one BFG^ is the Sine. Mow FB is co 
BG in the compound Katio of FB to BA and of BA to BG. . But 
(BD vanifliine) FB is to BA as FD to DA, and becaufe of tjie 
.parallel Lines >G and CB, BA is to BG as CA to CF. There- 
fore^ S'^- J^<S. D; 

Cafe II. Of converging Rays pafling out of a rarer into a den- 
ser Medium through a convex Surface. 

Dem, Let HB, MD be the incident Rays tending towards A 
the radiant Point in the laQ Cafe ; then, as was explained above, 
BF will be the refradled Ray. Therefore, &Pc, J^. £. D. 

Cafe 1 ^. Of Rays pafCng out of a denfer into a rarer Medium 
from a Point between the Center of Convexity and the Surface. 

Dem. Let AB, AD {^ip^. 18.) be two Rays pafling out of a den- 

fer into a rarer Medium from the Point A> which let be ported 

between C the Center of Convexity and the refracting Surface BD; 

tlirough B draw CK, and let BL be the refraded Ray; product 

BL back to F and draw FG par^illel to BC. Then will ABC be 

the Angle of Incidence, of which BF being oppofite to its Complp- 

ment to two right ones BGF, is the Sine. LBK will be the Ap- 

' gle of Rcfradion, or its equal FBC, of which BG being oppofite 

to its alternate. and equal one BFG, is the Sine. But, asjoefore, 

BF is to BG in a compound Katio of BF to BA and of BA to BG ; 

" and (BD vaniihing) BF is to BA as DF to DA, and becaufe the 

, Lines CB and TG are parallel, BA is to BG as CA to CF. 

. Therefore, &c, J^. £. D. 

Cafe 14. Of Rays pafling out of a denfer into a rarer Medium 
, towards. a'' Point becween the Center of Convexity and the Surface. 

Dem. Let the incident Rays be MD, HB tending towards A 
frojB whence the other proceeded in the laft Gafw% Then as m 
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refpedive Perpendiculars DK, FM^. will pro- 
ceed in the Directions DN, FN converging in 
a lefs Degree towards the Ray AN^ than th^y 

...did. 

that Cafe the refra6i;ed Ray BL being produced back pafled through 
F, in this the refracted Ray itlelf, for the like Reafons as were 
given in the foregoing Cafes, will pafs through that Point. There- 
fore, Qpc, ^8. D. ' 

Caf$ 15. Of Rays paflSng oiit of a rarer into a denfer JWf^//*wj 
from a Point between the Center of Convexity and the Surface. 

Dem, Let AB, AD {JPig. 19.) be two diverging Rays palfing 
out of a rarer into a denkr Me^um through the refrading Surface 
BD, whofe Center of Convexity is C, a Point beyond that from 
whence the Rays flow. Through B draw CK, and let BL be the 
rrfraded Ray, produce k back to F, and draw FG parallel to EC 
meeting BA produced in G. ABC will be the Angle of Incidence, 
of which BF being oppofite to its alternate and equal Angle BGF, 
is the Sine. The Angle of Refradion is LBK or its equal FBC 
of which BG being oppofite to its Cdmplement to two right ones 
BFG^ is tbe Sine! But BF is to BG in the compound Ratio pf 
BF toBA'andof BA to BG ; and (BD vanifhing) BF istoBA 
as DF to DA, and becaufe of the parallel Lines CB and GF, the 
Triangles AFG and ABC are fiuiilar, BA therefore is to AG as 
CA to AF, confequently BA is to BA and AG together, that is, to 
BG, asCA is to CA and AF together, that is, to CF; and there*' 
fore the focal Diftancej &c. ^. fi. D. 

Cafi 1 6. Of Rays paffing out of a rarer iatp a denfer Medium 
towards a Point between the Center of Convexity and the Surface.- 

Dem, Let HB, MD be the incWent Rays having for their imat- 
ginary Focus the Point A which was the Radiant m the laft Cafe^ 
•ad let C the Center of Convexity of the refrafting Surface be 
pofited beyond this Point. Then will HB, for the Reafons already* 
given, be refraded info BF, having the Point P for its real Focus 
which was the imaginary one of the diverging Rays AB, AD in 
the former Cafe. Therefore the Sjitio compounded of that which 
the focal Di(lance bears to the Diftance of the imaginary Focus of 
the incident Rays, and df that which the Difiance between the 
feme imaginary Focus and theOenter, bears to the Diftance be- 
•Jween the Center and ihe Focus, is equal to the Ratio which rhe 
pine of the An'^le of Incidence bears to the Sine of the Angle bf 
fee/ra^5n, ^S-D, ^^ 
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did before. 5. Laftly, had the" firft Medium 
been the denfer, they would have beeii refrafted 
the other Way, and therefore haver converge^ 

nore. 

VI. When 

The firft Term in the foregoing Proportion («/i. that in Pro- 
pofition the 3d of this Note) being always an unknown Quantity^ 
thole who are not well verfed in the Ufe of fuch PropoCcions, may 
think it impofUble to inveAigate the focal Diftance of any re6'a^^- 
ing Surface by it : I fhall therefore exemplify it in the following 
Inltanoe, by which the Manner of doing it in all others will 
clearly be underftood. «. g. Let ic be required to determine the^ 
focal Diftance of diverging Rays pailing out' of Air intoGlais* 
through a convex Surface, and let the Difiance of the radiant Point 
be 20, and the Radius of Convexity be 5 ; Now becaufe we muft 
make Ufe of the focal Diftance before we know it, let that be ex-> 
preiTed by fome Symbol or Charader as x : Then, becaufe by the 
aforefaid PropoCcion the Rati^ compounded of that which the fo- 
cal Difiance bears to the Diftance of the radiant Point (that is iii 
this Suppo(icion, of jt to 20) ; and of the Rath which the Diftance 
of the fame radiant Point from the Center bears to the Diftance be« 
tween the Center and the Focus (in this Cafe, of 25 co * — 5) is 
equal to the RmHo which the Sine of the Angle of Incidence bears 
to the Sine of the Angle of Refradion (that is, of 17 to n),.we 
(hall haye in the Inflance before us, the following Propordonj viz» 

\ - r • • *7 • ii> *n<i compounding them into one, 

"Which is done by multiplying the two firft Pans together^ we have 
z^x : 2 OX' — 100 : : 17 : 11, and multipiying««he extreaia Terins 
and middle Terms together^ 340X — 1700:^27^, whkh Equation 
after due Redudion gives x=^if ^. 

In fome Cafes which might have been put, the (Quantity 6 j> 
would have been negative, and then the Quotient ariCng from 
1700 divided by that^ would have been fo too ; that is x the focal 
Diftance would have been negative, in which Cafe the Focus muft- 
faave been taken on the contrary Side the Surfiice to that on which 
1» was fuppofed to fall in ftating the Problem ; that is, it muft 
have been taken on the fame Side with' the radiant Point, £>r ia 
calling the Diftance between the Center and the Focms x-^% it waijl 
fuppofed the Vocus would fall on the fame Stde with the Centerj 
%£ vn that which is oppofite Co the radiant Pointy tocaufe othetrwd^ 
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; VI. \yhen Rays proceed out of a rarer in-^ 
to a denfer Medium^ tfirough a convex Snx^ 
face, if they are parallel before Refraftibn^ 
they becofiie converging after wairds^ 

that BifianCe nmfi hij^e beefi expteffed by i-\-* y, as iny ohef.may. 
fee by Infpe^tion of the i3Ch or 14th Figure, in w)iich the Focuf 
! of diV'ergipg Rays encring a codvex Surface, is fuppofed to fall on 
the fatpe Side with the radiant Point. 

In like Manner as this Problem was performed, a general Thes 
i orem may be raifed to folve it in all Cafes wbatlbever, by ufing 
( Charaders inftead of Figures ; as every one who is not unacquain- 
ted with algebraic Operations very well knows. 

See this done, and applied tcf the Pafiage of Rays through the 
Surfaces of Lenfes in the fecond Note to the following Chapter. 

• 

A Method of determining the Point which a Ray,* entriftg a IphN 
i rical Suriace at any given Diftance from the Vertex of it, converges 
i to or diverges from after Refraction at the fame. £iF$m the Appen* 
I Mjc U Molineux'i Dioptrics, 

** Prep. To find the Focus of any Parcel of Rays diverging fronfi 
, ** or convirging to a given Point in the Axis of a fpherical Lens 
'' *' [Surface] and inclined thereto under the fame Angle ; the 
■ " Rrff/Zoofthe Sines in Refradion being known. 

'' Let GL (Fig, so.) be the Lewsy P any Point in its Surface^ 

• *^ V the Pole [ Vertex ] thereof, C the Center of the Sphere 
; *^ whereof it is a Segment, O the Ob)ed or Point in the Axis to 
. *^ or from which the Rays 60 proceed, OP a giyen Ray ; and lee 

' *^ the JRjttio of Refradion be as r to s ; make CR to CO as j to r 
'^ for the Immerfion of a Ray, or as r to x for the Emerfion, (that 

• *' is, as the Sines of che Angles in the Medium which the Ray en- 
\ '^ ters,' to their correfponding Sines in the Medium out of which 

** it comes) and laying CR from C towards O, the Pbint R (hall 
* '* be the fiime for all the Rays of the Point O. Then draw the 

*^ Radius PC if Need be continued, and with the Center R and 
Difiance OP fweep a Touch of an Arch interfeding PC iii Q ; 
the Line QR being drawn fhall be parallel to the refraded Rayy 
and PF being made parallel thereto, fhall inter£?d the Axis in 
the Point F, which is the Focus fought. Or make it as CQ. : 
CP : : CR ; CF, and CF Ihall be the Diftance of the Focus 

f! from the Center of the Sphere. 

. fi « Diffii 

^1 
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For iri thh Cafe, the Perpendiculars at the 
Pdints t^here the Rays enter the Surface, are 
all drawn froin the Center of Convexity on 

the 

r 

*' Dim, Pet fell the Perpendiculars PX on the A»s, CY on the 

* gl^n Riy> and CZ on the refra^ed Hay. By the Cojiftrudioir 
•* PF mnd QR are parallel, whence the Triangles QRG and PFC 
<< at« fimilar, aiid CR to QR^ as CF to PP, that is CR to OP as 
« CF to PF. Now CF : PF : : CZ : PX 0b fimilik Triang. 
f« WhenceCR rdP : : CZ : PX, mdCR : CZ : : OP : PX. Again, 
^* CR is to CO as the Sines qf Refradion by Conftrudion, that 

f^ is, as i to r, or r to / ; and as CR to CZ, fo (C0=) — ot 

•' — CR to — or— CZ, and fo is PO to PX : But asPO to PX» 
fit* 

«5 ib CO to CY. Ergo CY=-^or — CZ, that is, CY to CZ is as 

'* the Sines of Refraftiony but CY is the Sine of the Angle of In- 
•* cidence, and CZ rf the refrafted Angle. Ergo confiat Propod- 

" Hitherto we have con (id^red. only ohVque ^ys; it now re-' 
'; tnains to add fomething concerning Rays parallel to the Axis: 

* In this Cafe the Point O muft be confidered as infinitely diflanc, 
•* and conftquently OP, OC, and CR are all infinite ; and O? 
*^ and OC are in this Cafe to be accounted as always equal, (Hnce 
'* they difler but by a Part of the Rtfrfw/ of the Sphere GPVL, 
■* which is no Part of either of them) wherefore the Rati&of CR 
•' to OP will be always the fame, viz. as ^ to r for immeiging. 
** Rays, and as r to 5 for thofe that emerge. And by this Propo- 
*' fition CF is to PF in the feme Ratioi^ It remains tVrefore to 
" fhew on the Bafe CP to find all the Triangles CPF, whereia 
*' CF is to PF in the Katio given by the Deoreeof Refi-adion. 
•* This Problem has been very fully confidered by the celebrated 
•* Br. fVallis in his late Treatife ot Algebra, p- 258, to which I 
P refers but I mnft here repeat theConftrudion thereof. See Fig. 
** ii and 22, 

** Let GPVL be a tens, VC or PC the Radius of its Sphere, and 
** let it be recjuired to find all the Points f, f, fuch, as Cf may i]# 
*' to P/ in the given Ratio of s to rfor itomerging Rays, or as 
" r to i fcr the emerging. Divide OV in K, and continue CV tt> 
f* F, that CR may be to VK, and CF to VF in the propofed J5L«- 
5' iio. Then divide KF eaually in the Poxat a. and mth tbac 

^ Gem«f 



t 

I 



C2iap.}. TheRefraSimofLi^ht^'^c. 37 

the other Side ; and therefope, as the Rays 
fiive refrafted towards thofe Perpendiculars^ 
they are fieceffarily refraded towards each 
other, and thereby made to converge. 

Let it hi rememhered^ that in the foregoing 
Cafe and in all others where Rays are faii 
to pafs through a convex or concat'e Surface^ 
the Surface is fuppofed to helcng fo that Me- 
dium, into which the Kays enter y not to that 
cut iff which they pafs. T^bus,^ when Rayf 
pafs 00 of a denfer Mediutji that has a con^ 
K^x Surface into a Vacuum, they are faid to 
pafs through a concave Siirfacey the Surface 
fif the Vacuum into which they enter in that 
Cafe^ Imgfuchp 

VIL If they enter divergit^, then for th© 
lame Reafbn, they are made to diverge lefs, 
to be parallel, or to converge, according to 

*' Center fweep the Circle FKF ; ^his Circle being drawn gives 
^ readily aU thiB V»t of the parallel Rays OP9 Or. lor having 
^ continued CP till it iaterfed the Circle in F, PF (ball be always 
*^ equal to V/ the Difiance of the Vocus of each refpedive Parcel 
** ot Rays OP from the Vertex or Pole of the t*ns. 

*^ To deinonfirate this, draw the prickt Line VF, and by whaa 
^' is delivered by Dr. WMu in the ^ove-cited Place, VF and CP 
^^ will be always in the fame propofed "SlaHq^ Again, Vf being 
^ made equal to PF, CP. and 'Cf will be Kl^i& equal^ as are 
^ CP, VC ; and t^e Angles PC/, VCp bejag 4d^er#f£«i» are alfo 
** equal : Wherefore P/ will be equal to VF, and coniequendy 
* Cj to P/in the lame Kat\9 as CFto VF, whence, and by what 
** i«»«gQeis, the Points f^ f^ are the feyeral reffHaftive ffcf of th« 
!^ feveral Parfcls qf Rays, OP, OP. ^ ^. a ■ 

If a^y one wouM fee how this i* ^ 1^ m>U^ to all •other Itv 
£yu)q^ be. 9m co^ ^ Place. 

p »: the. 
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the Degree of Divergency they have before 
they enter. 

For if they diverge very much, their beinj 
bent towards their refpedlive Perpendiculars ii 
paflTing through the Surface, may only diminifli 
their Divergency J whereas, if they' diverge in 
a fmall Degree it may make them parallel, or 
even to converge. What Degree of Divergency 
or Convergency before Refra(Stion in this and 
the following Cafes, is neceflary to make Rays 
become parallel, will be ihewn at the End of 
this Chapter. 

VIII. If they converge in fuch Manner as 
to tend directly towards the Center of Con- 
Yjexity before they enter the Surface, they hli 
in with their relpedive Perpendiculars, and fo 
f afs 6n to the Center without' fuffering any 
Refradion. 

IX. If they converge l^fs than their Perpen- 
diculars, that is, if they tend to a Point be- 
yond the Center of Convexity, they are made 
by Refradion to converge moire ; and if they 
converge more than their Perpendiculars, that 
is, if they tend towards a Point between the 
Center and the Surface, then by being refracted 
towards them, they are made to converge lefs* 

This and the three foregoing Propofi^ions 
may be illuftrated in the following Manner. 
h. Let AB, CD (Bg. 8.) be two parallel 
Rays entring a denier Medium through fhe 
^anvex Surface DB, whofe Center of Con vex-i 
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5,ty is E ; and let one of thefe^ c^iz. AB be per- 
pendicular to the Surface. This will pafs on 
through the Center without fuffering any Re- 
iiraiStion, but the other being oblique to the 
Surface, will be refrafted towards the Perpen-r 
dicukr ED,, and will therefore be made to pro?f 
ceed in fome Line^ asDG, converging towards 
the other Ray, and meeting it in G, which 
Point for that Reafon is called the Focus, z. 
Had the Ray CD diverged from the other, fup- 
•pofe in the Line AD, it would, by being re- 
frafted towards its Perpendicular ED, have 
been made either to diverge lefs, be parallel, 
or to converge. 3. Let the Line ED be pro- 
duced to F, and if the Ray had converged, fo 
as to have defcribed the Line FD, it would 
then have been coincident with its Perpendiqu- 
lar, and have fuffered no Refradtion ^t alU 4 • 
If it had proceeded from any Point between C 
and F, as from H, or which is the fame Thing, 
towards any Point beyond E in the Line BE 
produced, it would have been made to con- 
verge more, by being refraded towards the 
Perpendicular DE, which converges more than 
it ; and had it proceeded from fome Point, as 
I, on the other Side F, that is, towards any 
Point between B and E, it would then have 
converged more than its Perpendicular, and fo, 
being refradted towards it, would have been 
Biad^ to have converged kfs« 

K. Wheii 
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X^ When Rays proceed out of a denf©- iita 
a rarer Medium^ through a convex Surface, 
the contrary happens in each Cafe. 

For being now refracted from their refpe^iive 
Perpendiculars, as they were before towards 
them, if they are parallel before Refra^^ioa, 
they diverge afterwards j if they diverge, their 
t)ivergeocy is increafedj if they' converge in 
the Direction of their Perpendiculars, they fuf* 
&r no Refra^on i if they converge lefs than 
their refpe(^ve Perpendiculars, they afcm^cje^. 
to converge ftill lefs, to be parallel, oc to di-* 
verg« I if they converge more, their Convert 
gency is increafed. All which may clearly be 
feen by the Figure, without any farther Illuf* 
tration^ imagining the Rays AD, CD, (^Cn 
bent th0 contrary Way in their Refrad»Qq$ to 
what they were in the former Cafes^ 

XI. When Rays proceed out of a rarer into 
a denfer Medium^ through a concave Surface,^ 
if they are parallel before Refra^on, they are 
made to diverge. 

For in this Cafe, the Perpendiculars at the. 
Toints where the Rays enter the Surface, being 
drawn from a Point on that Side of the Surface 
from which the Rays tend, if we conceive them 
to pafs through the Sirface, they will be fo 
many diverging Lines on the other ^de^ and 
therefore the Rays after they have paffed through 
the fame Points, muft neceflfarily be refldere4 
diverging in being refracted towards them. 

XII. If 



XII. If they diverge before Refraabn, then 
for the fame Reafoh, they are made to diverge 
tntore, 

Xin. Urilefs they proceed diredly from the 
Center, in which Cafe they fall to with their 
Perpendiculars, and fttfer noRefra(ftion : or from 
fome Point between the Center of Convexity 
'and the Surface, for then they diverge more 
than their refpedive Perpendiculaf s, and there- 
fore being by-RefraiStion brought towards theni^ 
they become lefs diverging, 

XIV. If they converge, then beiftg refrafted 
towards their Perpendiculars, they are either 
made lefs converging, parallel, or diverging, 
according to the Degree they coiiv^rged in be- 
fore Refraftion. 

To illuftrate this, and the thrde foregoing 
Cafes. I. Let AB, CD (Fig. 9.) be two pa- 
rallel -Rays entring the concave and denser Me^ 
dium X, the Center of whofe Convexity is 
IE, and the Per^ndicular to the refra^iing Sur- 
^fece at the Point D, is EF ^ the Ray AB if 
we fuppofe it perpendicular to the Surface atB 
wHl proceed on difeftly to G ; but the oblique 
'ohe CD being refra6ted towards the Perpen- 
•^dicukr DF, will recede from the other Ray 
k<l In fome Line ras DH. 2. IftheRayCD 
had proceeded from A diverging in the Direc- 
ction AD it Woiild have been beht nearer to the 
.Pei:|)endicukr, and therefore have diverged 
inore. 3 • But if it had diverged from the Cen« 

ter 
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ter E, it would have fallen in with the Per- 
pendicular EF, and not have been refraded a& 
all : and had it proceeded from Ij a Point on 
the other Side the Center E, it would by being 
refrafted towards the Perpendicular DF have 
proceeded in fome Line nearer it than it other- 
wife would have done, and fo would diverge 
lefs than before Refradtion. 4, If it had con- 
verged in the Line LD, it would have been 
rendered lefs converging, parallel, or diverging, 
according to the Degree of Convergency, which 
it had before it entered' into the reading Sur- 
face^ 

XV. If the fame Rays proceed out of a den- 
fer into a rarer Medium through a concave Sur- 
face, the contrary happens in each Suppofiti- 
on ; The parallel are made to converge ; thofe 
which diverge lefs than their refpective Perpen- 
diculars, . that is^ thofe which proceed frpm a 
Point beyond the Center, are made lefs diver- 
ging, parallel, or converging, according to the 
Degree in. which they diverge before Refraction ; 
thofe which diverge more than their reQ)edive 
Perpendiculars, that is, thofe which proceed 
from a Point between the Center and the re- 
frading Surface, are made to diverge ftill more. 
And thofe which converge, are made to con- 
verge more. All which may eafily be feen by 
confidering the Situation of the Rays AD CD^ 
^c. with Refped to the Perpendicular EF s 
and therefore requires no &rther Illuftration* 

XVI^ When 
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XVI. When diverging Rays are by Refrac-^ 
tion made to converge, the nearer their radiant 
Point is to the refrafting Surface, the farther 
is their Focus froA it on thci other Side, and 
i^ice ^ersd. 

For the nearer the radiant Point is to thd 
refra(9:ing Surfacej the more the Rays which 
fail upon thfe fame Points of it, diverge bfefortf 
Refraftion, upon which Account they converge 
the lefs afterwards. 

XVII. When the radiant Point is at that 
Diflance from the Surface, at which parallel 
Rays coming through it frofti the othefr Side 
would by Refraction be collected, then Rays 
flowing from that Point become parallel on the 
other Side, and are faid to have their Focus 
at an infinite Diftance. For the Power of Re- 
frddtion in the Medium is the fame5 whether 
the Ray paffes one Way or the other. For 
Inftance, if the parallel Rays AB, CD {Fig. 8.) 
in pafling through the refradling Surface BD 
are brought to a Focus in G, then Rays flow- 
ing from G as a radiant Point will afterwards 
proceed in the parallel Lines BA and DO 
And the Point G, where the parallel Rays AB 
and CD meet, is called the Focus of parallel 
Rays. 

XVItl. Wheft Rays proceed from a Poinc 
nearer the refrading Surface than the Focus of 
parallel Rays, they continue to diverge after 
Refraftion, and their Focus is then- an imagi- 
y.. F nary 



44 0/Lenfes, fer^. Part III. 

oary (mei) and fituated on the fkme Side the 
Surface with the Radiant. 

For in this Cafe, their Divergency bdng 
greater than that which they would have, if 
they had proceeded from the Focus oi parsdlel 
Kays, they c^inot be brought to a. Paralleiifm 
with one another, much lefs be made to coin 
verge, and therefore they continue to diverge, 
dhough in a lefs Degree than before they paf- 
fed through the refra^ng Surface i upon which 
Account, they proceed after Refraaicm, as if 
they came from fome Point farther diflant froitt 
the refrading Sur&ce than ^ir Radiant. 

C H A P. IV. 

0/Lenfes, and the Manner in which Rays 
are affeHed in pajjing through them. 

ALenSt is a Medium terminated on one 
Side by a fpherical Surface, on the other 
by a Surfiice either plain or fphericaL And of 
thefe there are five Sorts. The firft, as A, 
{Fig* 23.) is plain on one Side and convex on 
the other ', the fecond, B, convex on both 
Sides J the third, plain on one Side and ootn 
cave on the other, as C j the fourth, D, con- 
cave on both Sides ,• the fifth, convex on one 
Side and concave on the other, asE, which is, 
i»y fbme called a Msmfum* _ 
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The Jxis of a Letis is a Line jpaffing per^ 
pendicularly through both its Surfaces : Thus, 
the Line FG is an Jxis common to all the five. 

Lenfes are diftinguifhed into two general 
Kinds, convex and concave 5 the firft and fe- 
,cond Lenfes are confidered^ as convex ; the 
third and fourth, as concave : the laft, if its 
Conve>fity is greater than its Concavity, ii 
looked upon, as convex i if on the contrary, it 
is confidered as concave. 

A Liens is always fuppofed to confift of a 
Medium denfer than the circumambient one, 
unlefs where the contrary is exprefled. 

When , parallel Rays fall upon the Surface 
of a convex Lens^ they are refrajfted toward^ 
each other in palfing through it, and thereby 
colleiSed to a Focus on the other Side. 

To explain this, let us trace the Progrefs of 
a Ray as AB {Fig. ^4.) through the convej? 
LJns CDEH, whofe Axis is IK. Let L be 
the Center of the firft Convexity CDE, and M 
that of the other CHE ,• and let the Ray AB 
be parallel to the Axis ; through B draw the 
Line LN which will be perpendicular to the 
Surface CDE at that Point. The Ray AB in 
cntrinff the denfer Subftance of the Ljeiis will 
be refraded towards the Perpendicular^ an4 
therefore proceed after it has entered the Sur- 
face at B in feme DirejOtion inclined towards 
the Axis as BP. Through M the Center of 
CQi^vexity of this Surface and the Point; P draw 

V ^ the 
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the Line MR, which pafling through the Cen- 
ter will be perpendicular to the Surface at P, 
and the Ray now entering a rarer Medium will 
be refracted from the Perpendicijlar into fome 
Dire^ipn as PF. In ^ike Manner, and for the 
fame Rjsafpns, the parallel Ray ST on the 
other Side the Axis, and iifo all the interme-r 
diate ones as XZ, dxc will meet it in the fame 
Point, unlefs the Rays AB and ST enter the 
Surface of the Lens at too great a DiftancQ 
from the Axis IF, the Reafon of whiqh has al- 
jready been fully ejjplained *. 

The Point t where the parallel Rays AB» 
SF, ^c. are fuppoled to be colleiSed by paf- 
ifing through the Lens CE, is called the Focus 
of parallel Rays of that Lens* 

If the Rays converge before they enter the 
JLe7JS , they are then ^ oUefted at a Point nearer 
|:o the Leiis than the Focus of parallel Rays. 
Jf they diverge before they enter the jLm, they 
are then collected in a Point beyond F ^ unlefs 
they proceed from a Point on the other Side at 
the .fame Diftance with the Focu^ of parallel 
jlayf, in which Cafe they ^re rendered paral- 
lel. If thpy proceed from a Pqint nearer than 
that, they diverge afterwards, but in a lels 
Pegree (han before tjiey enter the Lens. 

If the Lens is plain on one Side and convex 
pn the other, the Rays are refrad;pd the fame 
AV'ay, bijt in a ipfs Degre^. 

f $ce Obferjatm }, in the fQiegoIng Note, 
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. Had the Rays AB, ST proceeded from 9. 
radiant Point on one Side the LenSy and been 
coUeiSed in a Focus on the other ^ theiT if they 
fliould be fuppofed to proceed from that focal 
Point as from a Radiant, and-pafs through the 
Lens the contrary Way, they would be col-^ 
kded in that Point which was the. Radiant in 
the other Cafe : and the nearer the Radiant 
Point is to the Lens^ the farther is the Focus 
from it on the other Side, and vice versa. 

If the Rays AB, CD, EF, d^. {Fig. 2^.) 
parallel to each other, but oblique to GH the 
Axis of the Lens IK, or if the diverging Rays 
CB, ' CF, proceed as from fome Point C which 
is not fituated in the Axis of the Lens^ they 
will be coilefted into fome Point as L, not 
directly oppofite to the Radiant C, but nearly 
fo : for the Ray CD which paflfes through M 
the Middle of the Lens and falls upon the Sur- 
face of it with fome Obliquity, will itfelf fuf^ 
fer a Refraftion at P and N 5 but then it will 
be refrafted the contrary Way in one Place to 
what it is in the other, and thefe Refra&ions 
will be equal in Degree if the Lens has an equal 
Convexity on each Side, as we may eafily per- 
ceive if we imagine ND to be a Ray pamng 
out of the Lens both at N and D, for it is evi- 
dent the Line ND has an equal Inclination to 
each Surface at both its Extremities* Upon 
which Account the Difference between the Si- 
tuation of the Point L and one direftly oppo* 

fit© 
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fite to Ct is fo (tauilU that it is generally neg« 
lecied ; and the Focus is fappofed to be in tha^ 
Line, which a Kay, that would pafs through 
the middle Point of the Lens^ were it to fuif^ 
ler no Refradion, would proceed im 

All which is fufficiently clear, from what 
has been faid concerning the Laws of Refract* 
tion exf^ained in the foregoing Chapter. 

When parallel Rays h\i upon a concave 
Zjefis^ they are refra^d from each other in 
pafling through it> and thereby made to diverge, 
proceeding as from an imaginary J^cus on the 
iirft Side the Lens. 

In order to comprehend this, let AB CD 
(Fig* 26.) reprefent a concave LeM^ EF its 
Axis, GH the Radius of the firft Concavity, IK 
that of the fecond ; produce HG to L, and let 
MG be a Ray of Light entring the Lens at the 
Point G. This Ray being refraded towards 
th» Perpendicular GL, will pafs on to fome 
Point as K in the other Surface more diftant 
from the Axis than G, and being there refraAr 
ed from the Perpendicular, IK will be diverted 
farther ftill from the Axis, and proceed in tha 
Diredion KN as from fome Point as O on the 
tirft Side of the Le??s. In like Manner other 
X<.ays as PCt parallel to the former, will pro- 
ceed after Refradion at both Surfaces as from 
the fame Point O ,- which upon that Account 
will be the imaginary Focus of parallel Rays 
pi this Lef?Sf 
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If the Rays diverge before theiy enter the 
JjenSy their imaginary Focus is then nearer the 
Lens than that of the parallel Rays. If ttey 
converge before they enter the Lens preced- 
ing towards fome diftant Point in the Axis as 
E, they are then rendered lefs converging : if 
they converge to a Point at the feme Diftance 
from the Lens with the Focus of parallel Rays^ 
they then go out parallel i if to a Point at a 
lefs Diftance they remain converging, but in a 
lefs Degree than before they entered the Lens* 

When the Rays enter the Lens diverging^ 
the nearer their radiant Point is to it, the 
iiearer alfo is their imaginary Focus a/cer Re- 
fra<Jkion, and vice versa. 

If the Lens is plain on one Side and concave 
on the other,, the Rays fuffer a like Refra^aioii 
in each Cafe, but in a lefs Degree. 

The Truth of what has been faid concerning 
the Paflage of Rays through a concave Lens^^ 
is eafily to be deduced from the Laws of Re- 
fraiStion delivered in the foregoing Chapter, 

But the Method of detjermining the exaft 
focal Diftaoces oiLevfes is to be had from the 
Proportions kid down and deinonftrated in the 
Note m the foregoing Chapter. Thus, the 
Progrefs of the Rays after their Refrai^ion at 
the firft Surface where they enter a Lens^ is 
Ijad by one of thofe which determines the fo- 
cal Diftance of Rays entring a denfer Medium 
pf fuch Form^ And their Progrefs after their 

Re- 
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Refraftion at the other Surface where they go 
out, is had by computing what Progrefs Rays, 
moving in the Diredion they are found to have 
after their Entrance at the firft Surface, will 
acquire by being refraded at the other ; which 
is to be effe&ed by one which determines the 
focal Diftiance of Rays palling out of a denfer 
Medium of like Form with that of the Lens \ 

When 



* Or a general Theorem nay be made afcer the following Man- 
ner, to determine the Progrefs of Rays afcer Refra&ion at both 
Sides of the Lens, whatever be the Matter of ir^ or the Form 
wherein it ie made. 

Thus fuppofe GH (Fig, i8.) to be a given Lens, and £ a Point 
in its Axis from whence the diverging Rays EL, QPc. fall upon 
the Levsy AL the Radius of the mil Convexity, and CR that of 
the fecond ; let LK/ be the Diredioo of the diverging Ray £L 
after its Refradion at the firft Surface, and KF its Diredion after 
Refi:adion at both. Then will / be the Tocus of the Rays after 
their firft Refradioh, and t the Point they will meet in aicer both. 
Let BD be the Thicknefs of the LenSy and let the Proportion which 
the Sine of the Angle of Incidence bears to the Sine of the Angle 
of Refradion be expreiled by the Ratio of I to R. Call £B , V ; 
BD, #; AB, f ; CD, i i Bf, jf ; DF, y : Now, to find / their 
Tocus after Refraftlon at L where they enter the firft Surface of the 
JLenj, comes under the third Proportion in the foremen tioned 
Note: According to which the iLi/i0 compounded of x, ib€ focal 
Difiance fought^ to dy the Difiance of the radiant Point ; and of 
W-frf ^^ Difianco between the fame Point and the Center^ to 
X — r, the Dijtance between the Center and the Focus, is as I to R ; 
impounding thefe two Ratios therefore (that is multiplying them 
together) we have dx-\^x : dx — dr : : I to R ; which Proportioa 
being converted into an £4|uation, and duly reduced, gives x^ 
Idr 

I^— R^— r/ 

Thus having found the Diftance B/, and confequently the Point 
/, to which the Rays converge from L, we muft proceed to find F» 
that to which they will converge after havii^ palled through K; 

• wb«« 







-; WA^^A^y j^a^Tes. .through a Me^iuin iet-^ 

IS 

tvhefe th^Mtrtifediip:d^^r^ok : This ?p&s iftcjertie diiii«< 
<*ropofitio|ij but if we.»rould ufe UiltlkincLettis aa before, to exprifi 
jrte Piojporuofi-wlfHJb t)^ Syafi f the Angle ^ Inc^eace b^xs to 
J that ptthe Angle of I^efraftV>"j ^^^i n^ufi be put bn^foi" the other ; 
^becaufe wheh-Rays pais out <ff « ieoier iiko a Farer M^dium^ the 
::Sioe,$f AeiAnsl«^P*"; ^9?i4f B<»^r4 t/ie faipeifroMp^ to the 
rSiae ,of tbe^ngje of JElefraaion, that the Sine tf the Angle' of 
jRefra&ion does' to the Sine of thie Angle if Iiiadence, when they 
-pafs om rf of a rarer iiio.a idenfen :This being obferv^d, by tfiie 

if9refaid ,Propo&i6ni«re .{hall h^ye.the BoftU cooippunded. of jr; 

ibe focal Difiatsce,^ to fjTR^ZR; — *> 'V in^agh^ryVocus ^fthd 
mUent Kays ; and of f^z^pz:^ — '+*i ^^^ ^(/^^^^ *.^/wwK 

ibeOevUf/aid, the FoQtiiy as R^tol. : Which Efjuaii'(?n, if we reduce 
, the mixed Quantities v / ,; !* U" — K and ■^■- .ii. f - i.r -i*.* « 
•i-i into iinproper.Fra^ons, waII fiand thus, 

^ Idf^Ut+RdtThKfi 

¥ : ' - ■ -i 




And ^rompowoding theft Ratios w^ have 
'!■ ; ■ , ^' J ;^ 1^ ^ » » . — -- .• : R ; I. And multiply inggx- 



tr.eams together and Means together, wc have lldry^^Udty-^-'lRdty 
' '+IRrfy^I%--4Rd*;fMl(riyi=y^^ 

-\-lkdrS'^lRdPs^R9^dts-\^Rfts ; which Equation being reduced, 
^ - ' ' lRV<rf^IR^<y-+^R^/<i+RRyf/ 



IlUr— RR^^-RR**. 
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is re&a(5ted in going oiit of one^ as much ^ ic 
was in entxing the other j and therefore pro- 
ceeds afterwards not in the fame Dire^on^ but 
in one that is jparallel to that whi<;h it had b^ 
fore. Thus it the Ray AB (Fig. 27.) enters 
the denfer Medium CDEF terminated by the 
parallel Surkces CD and £F, it is refra&ed 
at B towards the Perpendicular BI, (proceeding 
to a Point as G, where it is as much refi'aded 
from the Perpendicular GK in going out, and 
proceeds in the Direftion GH not the lame, 
but parallel to the former ABL. 

» 

This Theorem mty be 'ftpplied to all Cafes whatSerer, even to 
phih Surfaces tnttiafh nuttandiM ; «. g. the Raditts'^l a concave 
Surface being negative (as lying the contrary Way) with Refped 
to that of a Convex, and the Radius of a plain Surface being an 
infinite Line ; if we would apply this Theorem to a concave Sui« 
face, we mufi change all the Sines of thofe Members wherein the 
' Symbol expreifing the Radius of that Surface occurs ; and if to a 
plain Surface, all the Members which involve the Radius mufi l>e 
confidered as infinite Quantities, that is> all, except them, mufi be 
•Aruck out of the Equation as nothing. So likewife, if we would 
have ic extend to other Rays befides diverging ones, the' Point 
where converging Rays would meet, lying on the contrary Side to 
that from whence the diverging ones were fuppofed to flow, its 
Diflance muft be made negative; and the Difbnoe where parallel 
Rays meet being infinite, it is only changing the Sines of all 
thofe Members in which d is found, if theR^s are fuppofed con- 
verging, or making thofe Members infinite in Cafe the Rajs are 
fuppofed parallel ; which is done by firiking out all the reftj as 
bearing no Pk-oportioo to them. 

See the Method of reducing this Equation to fewer Terms, where 
it is alio illuiiraced with divers Inftances, in Dr. Rtowniz Appen* 
dix to Grej^s Optics ; or in Dr. HaUey'% Method of finding the 

principal Focus of Optio Gillies iinivejially i Fbyofoph. Tnoiaftj 
Mo. 20$* '"'^ T - - 
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Of tbeEyc^ 

I'^He Form of the Ej^ i§ fiich as is repr^- 
. ientqd in Figure a^, and would be 
a perfect: Sphere, were not' the* fpre Part A A 
fomewhat: more protuberant than the refl^ 

The Dpfifription of it, fo far as is neceflfary 
tp explain the Nature of Vifion^ is ^s follows. 

It is indofed in three diftin<5i: Coats or Tegu* 
©ents^ the outermoft of which, pi?;, aa^ is 
called Tunica ScUrfifipa; the next cc, Cb(h 
roidesy or Jli^fai the third and innermoft^^^ 
derives its l>Iame from that of its Difcoverer, 
and is called Tunica Kuyfcbian^. 

Thei^ Coats are contiguous tp each other 
every wheife, except op VPQ fprp Part of the 
Eye* 

That Pprtjon of thp Sclerotica which lies be- 
tw^O A and A^ is more protuberant than the 
reft, is tranfparent, and has the Naqie of 7*u^ 
ilka Cdrmta. 

That Portion of the Cbtnroidfs which is fitua^^ 
ted between h a^d h is called the Irii ; and i$ 
th^t wj|)ich by ijcs v^oloyr d^iominates an Eye 
biadic, grey, (^c» In tHe Middle of this there 
i^.a round Hole as pp^ called the TupiU 

TheiWJr conliftsof twoKinds of mufcularFi- 
bresj.the ifirft lies extendisd from its Extremity 
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li^e the Radii of a Circle, and point towards 
the Middle of tbsf Pupi as tdw»ds a Center : 
the other are circular .ones .and furround the 
Pupil haying the Middle 6f it fqr thpir com- 
mon Center. \ Thefe an? conneded to the for- 
mer where jjhey cirof^r' Wd £h^6Mre' when 



pKe other, it 1^ inlarged. . "' ' - 

Withiri the CaviCY or the- Bye., i*c^' .n<5t' fir 
behind the Pu'pU, thet^ k a. foft'tra'nffpartnt 
Subftance CC,' not 'urtf ife^ a ' doiiHl^l ' bixis^A 
Len^, ohe6rM6ft$|tfflid6Ski'S-, l^frtdrficcm? • 
vex than thej6thef. ' 'Phis' b calfed thie CSr j^ 
taftine JJtifiwur -, ^iftf fe fiii^rtded within the 
|iye by certain Li^aftf^nts.asC/, C^ called 
Ugainentd IQiltdrid, o^ Ttotef^i Stares i 
thefe are.conyex t6^dr*s'thef Pu^,a:^ festpreffe^ 
iri the ITgure, 4tid cbticaVe 6n the otljQ* Side, 
and are miifctikf, mi(t tfiertfote C^l^lfe' i^ 
. Contra<5tion. and Dilatation* The convex Sld^ 
pf thpfe,r:ig^m€?ntS i^ lyd" iMii ^fj^Wck 
>/«<r«^y or kbftah-cevijl5 illb th^Sidi l^m 

/n/whrchisiigkcii!.'- •• -^ ••..:.:.... 

The Tunica B.mfchi4na. leaves:^M i^(ft^'^ 
^es at /, arid' paffin^ tMfrJtid IWMkMeMa 

{iguousto them, .arid k^x^eCh^diMi^fii 

atA-Qntk<)i:he^Si4liat^*upm '>-5- ^ 

Bymeahs^of ItKd^didrtt^TietJt^ t9ie 

Cavity of fh-^EVe jS;di^(M'hltb.lH^df»6fl!ictas ; 

t^.im-^ m<^' W;is '«ffife* mikvm 





nearly of the fame Denfity with Watjsr, and i$ 
jtherefore called Humor Jqueus i^^ the other TT 
contains a Fhiid whofe Confiflency is greater 
than that of the former, aad is called ffumor 
J^treus. 

At the. back Part of each Eye, but not di- 
reiStty b^ofite to thePubil, there eftters aNervd - 
as NN^- which is called th& Optic Ner^e^ 

* The Fibi*fes of thisNeive, after tte^^ 
iflto the EyektN, fpread theiiifelves over th©^ 
iftiermoft CJb?Lt of it as fer as the UgafMnta 
CfUaria^ and form ^ very thin MeinBrane,' 
cklled itinlcal^eiina. - ■ 

' The ihnermoft Coat; of the Eye is ev«y 
!i^here covered (exceptj that Part of it which 
i^ contiguonis to the back Part of the Chriftal-* 
lihe Humour) ^ith a very black Mucus^ noC 
ufif&e fehit with which the back Part of the 
Jt4i and fore Part of the Ligament a Ciliaria 
iatrt obferved to be ciovcr'd. This is to hjn-* 
filer ^ny Light from being refle<aed from thofe 
Parts on to the Retina ; which would render 
the Images of Ob jeds indiftlnd, as we ihall feoi 
tyhen we have explained the Natiffe of Vifion, 
ii^hidK is the Subjed of the kMow'mg Chapter, 
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5i6 Ofthe Nature of ViQun. P^rtJU. 

C H A P, VI. 
Of the Nature of Vifion, 

SUch is the Sabftance and Torm of the Hti^ 
iQQurs of the ,Eye» whep lodged in their 
properReceptaclesr thatRaysof Lrightinpaf- 
£ng U^rough th^m aref alfedted ^ the l&eMaiw 
qer «s in pajTmg through a convex Lens^ as we 
:(hall ibe ifiunedi^t^y ,^ and th^efore to under- 
i^and the Nature of Vifion, which depends on 
the Paflfige cf Rays flowing frcMn the fevfral 
Points of a difts^nt Objeft through thofe Hut 
mour^ Iktle more is required than to know 
how the fame Rays wpuld be affefted, were 
they foppoled to^pafe through a convex Lens. 
Which may eafily be done by applying to this 
Cafe* what has been delivered in the fourth 
Chapter tioncerning the Manner in which Rays 
Sowing from aySW/^; Point, are affected ip paiV 
fog through Lenjei of that Kind,:. . 
/ We have already fepn, in the aboyemention* 
ed jGhapter, that.Ra^ flowipgipom a fingk 
radiant Point, and afterwards falling on a con- 
vex Lens^ are collefted to a Focus in fome 
Point oppofite, or nearly fo, to the Radiant, 
LrCt us now fuppofe an Object placed before 
9 Ij^nSp bi^ farther from it than the focal Dif-r 
tance of its parallel Rays, and let it fend forth 



< 



I 



Ctiaf . 6. Of the Naturn of Vifiom ^7 

Rays from each Point of its Surface in. every 
Direftion, as from fo many radiant Points.- 
Some of the Rays which flow from each Point 
cf thajt Surface of the ObjeA which is turned 
towards the Lens will neceflarily fall upon it, 
and pafling through it will be colleded irl f<^ 
many diftind focal Points on the oppofite Side, 
as there are diftinft radiant Points in the Surface 
of the Objeft from whence they came* Now 
as the radiant Points are contiguous to eacfi 
other in the Surface of the Objed on one Side 
of the Lens^ the focal Points will alfo be con* 
tiguous on the other ; and as each focal Point 

■ is oppofite to its refpe^tive Radiant, their Places 
will have the lame Relation to each other, that 
thofe of the Radiants have,- and confequently 

t thefe Points taken together will be a true R^ 

' prefentation and perfed Image of that Objed ; 
tor each Point will exhibit the fame Colour 
that its correfpondent Point in the Objed is oK 
But becaufe each Point in the Reprefentation is 
oppofite to its relpedive one in the Objeft, the 

.Image will be inverted. The Truth of this 
may eafily be experienced, if we hold a clean 

\ white Paper facing theX^;/xin the Place where 
the focal Points are, and take Care toprevenc 
all other Light from falling upon the Paper, 

^ except that which paflfes through the Lem . 

To 

* On this depends the Strudure of the Ohfcura Camera^ whidt 
fa a CoAtrivaace to exhibit the Reprefemaion of inch Ob)e& as 



j8 Opbe iiamit \f Vifi^ tot m, 

To illnftrtite this l Let PC^ {Bg. $9)^^ 
{)refent an Objed placed before {he Zj6M AB^^ 
^nd fending forth Rays irom e^ch^oint in it^, 
Sur&ce ; and let ^ be the fooftt l>iA$nc9 qF 
JKays proceeding mnn Q^and p^ilwg tjbrough 
the iaid Lenx. Then will ati the Kays that 
4)roceed irom the Boint Q. between the LioQS 
tQA and<^ be colle^d in ^ ; in like Manner 
all that flow from P between the Lines PA ai^ 
iPB, will meet in the oppofite Point ;^ i and fo 
many as proceed from R and pafs thorugh the 
Lens will be collefted in r ,• and, ^11 the -Rays 
that flow from the remaining Points between P 
.land R and fall upon the LenSy will be CQlle<3:Qd 
in as many Points between /> and r ; mdpfTj if 
the Rays are received there upon a white 3ur- 
^face, will exhibit an Image of the Obje<Sk.PR, 
but inverted j becaufe the Rays PLjp. and. RLr 

-may be ieen frttm a WiQ<ii>w, upbn £bme plain.wi^te Surface held 
before the Window within the Room. In order to do this,, a 
common fpeftacle Glafs or Burning Glals (both^hich are conv^r 
tepfes) mud be fixed in an Hole in the WindoMfihut ; £>r tbei> if 

. no Light be {offered to enter into the Room^ but what ^afifesr 
through the Hole, and a SHeet of white Paper be held _/)ppofite 

i to the -Hole iat that DiAa^ce where the Rays proceeding ft^m 

' the Objects abroad^ and paillng through the Gla& are coUe^ed 
into their refpedi^re Foci ; we Ihall have the Iniages of all ihel 
Objeftsjvhich lie before the Hole, reprefented upon the i^aper, W 
verted.; but in a mudi more lively and exaft Manner than can be 
done. by the Pencil ; and not only the Objtft$ and their refpedive 
Siiuatibiis, but, what is peculiar Co. this Sort of Paintings their 

^ Aiotions will alfo be expreiTed* 



'■/ .: 



crofs 



u 



1 



•;*g 



Chap. 6. • Of the Kahire of Vlfidn. $ ^ 

crofs each other at L in paflTing through the 

Thofe Rays which flow from the fame Point 
of an Objeft, When confidered together^ are 
called a Co7Je ot Tencil of Rays, Thus the 
RaysQ^/\, QL, (^c. con ftitute a Pencii flow- 
ing from the Point Qj. fo the Rays PA, PL, 
C^r. a Pencii from the Point P ^ and the mid- 
die Ray of each Pencii, as PL,QL/C^r. is 
called the Jicis of that Penciij to which it be- 
longs. , 

Now in like Manner as the feveral Pencils of 
Rays flowing from the diftind: Points in the 
Surface of an Objed placed before a Leiis^ are 
collected in fo many Points at a certain Dis- 
tance on the other Side of the LenSy and form 
an Ittiage there when received upon a white 
Pgper ,• fo Pencils proceeding from an Objed: 
placed before the Kj e, and being refraded in 
paffing through the Humours of it> are collect- 
ed into their refpe<5tive Feci upon the Tietina, 
where they form a Reprefentation of that Ob- 
jeft i and by their Impulfes upon the tender 
Nerves of the 'Retina^ an Idea of the Dbjedk 
is excited in the Mind, 

* A burning Glafs, is no other than d Piece of* Glafs ground mto 
the Form of a convezXe^v/ ; for if the Rays of the Sun are permit- 
ted to paG thrpugh fuch an one, they will burn very Arongly in 
the Place where they ar^ colledtcd into their refpedive Voci \ upon 
which Account it is, that the Poin' where Rays in general are col- 
lided, is called their Tocus^ that is, their Place of Burning, 

H The 
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The Progrefs of the Rays through the Hu* 
mours of the Eye, are expreffed in the 3 1 ft 
Figure : where FG/ is the Eye, FG the Tu- 
fiica Cornea^ pp the Pupil, A A the aqueous 
Humour, HH the chriftalline^ and V V the vi- 
treous. And RS repreferits an Obje<5t placed 
before it, emitting Pencils of Rays from its fe- 
veral Points R, S, T, ^c. The Rays which 
conftitute the Pencil GTF, in entring the aque- 
ous Humour, pafs out of a rarer into a denfer 
Medium through a convex Surface, in which 
Cafe diverging Rays are made to diverge lefs, 
to become parallel or tp converge (Chap. 3. 
Prop. 7.) J in entring the chriftalline they do the 
like; and in palling out of that, they enter a 
rarer through a concave Surface {viz. the con- 
cave Surface of the vitreous) which alfo has 
the fame Effedt (Chap. 3 . Prop* 1 5 .) ^Y which 
Means they are made to converge, as defcribed 
in the Figure, and to meet together in a Focus 
Sit t a Point in the Retina. In like Manner 
the Rays flowing from R, and conltituting the 
Pencil GRF, will proceed as defcribed in the 
Figure, and after Refraftion meet in . r > an^ 
the Rays proceeding from S will be colledted 
in J, &c. by which Means an Image of the Ob- 
jed will be formed in rts upon the Retina^ but 
becaufe the Pencils crofs each other in paifing 
through the Pupil, it will be inverted *• 

The 

* of this we have experimeikal Proof: Fot if we cut away the 
back Pare of an £ye, and apply a Paper there, we iball fee the 

Image 
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The lefs the Diftance between the Ob je(5i: and 
the Eye is, the more the Rays which come 
•from the Objeft, are fai d to diverge, and e con- 
*tra : Not that the Situation of the Eye makes 
*any Alteration in the Progrefs of thofe Rays, 
"bcit that, when the Eye is placed nearer the 
Objedt, it receives into its Pupil Rays which 
<iiverge in a greater Degree than thofe which 
It can receive when placed farther off. The 
following Illuftration will make this clear : Let 
AB (jB^. 32.) reprefent an Objeft emitting 
•Rays from each Point of its Surface, and let 
Cdj Cry &€• exprefs thofe which flow from 
the Point C : let.w be a Pupil of an Eye placed 
at tlie Diftance Cm from it ,• 'tis plain this Pu- 
pil will receive into it the diverging Rays Cr, 
; whereas the Rays O, Cr will ciiverge 
the moft of ariy that can enter the fame Pupil, 
when placed at the Diftance Cn ; but thefe 
diverge lefs than the former^ the Angle oCt be- 
ing included in the Angle rCx. 

Imtges of external Objefts placed thereon) as accurately as in the 
Cb/cura CamerSy provided no Light is permitted to fall upon the 
t^aper, except that which pafles through the Humours of the Eye, 

Optic Writers have made it Matter of great Difficulty to deter- 
iDifie.tbe Point where the Ajcet of the Pencils which enter the Eye, 
crois each other; fame placing it in the Center of the Eye, others 
In the Vertex of the chriftalline Humour, others in that of the Tn* 
^ita Cmi^a^i But as the Rays of each Pencil fill the Pupil, or as 
she Pupil itfelf 15 a common Bafe to each Pencil, it is inconceivable 
how the Axes of thofe Pencils fhould crofs each other in any other 
Kace than the Center of the Pi^il. Sec Figure j i, or any other 
jarhere feveral Pencils are leprefented, as pai&ng through the Pupil 
pfanEye. 

Ha Vifion 
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Vifion 15 diftinguilhed into bright and ob- 
Jcure ; diftinU and cotifiifed. 

It is faid to be bright^ when a fuificient Nupir 
ber of Rays enter the Pupil at the fame Time ; 
ohjcurcj when too few. It is dijliaU^ whea 
each Pencil of Rays is coUeded to a Focus ex- 
^cl:ly upon the Retina ; coufufed^ when they 
meet before they come at it, or when they would 
pafs it before they meet ^ for in either of thefe 
laft Cafes, the Rays flowing from different 
Points of the Object, will fail upon the (amp 
Part of the Retina^ which muft neceflarily ren- 
der the Image confufed and indiftincb 

Now that Objecb may appear w-th a due 
^ri^bt}7^Sy whether more or fewer Rays pro- 
ceed from them, we have a Power of contra<5l- 
Jog, or dilating the Pupil by. means of the muf- 
cular Fibres of the Iris (as explained in the 
foregoing Chapter), in order to take in more 
or fewer Rays ^5 Occafion requires. But this 
Power has itb Limits. * 

And that the Rays may be collected into 
Points exactly upon the Retina y that is, that 
Objects may appear difiinU^ whether they be 
• nearer or farthen off, ,that is, whether the Rays 
proceeding from them diverge more or lefs, we 
have a Power of contrai^ing or relaxing the 
Xjigamff*i4u cm array and thereby altering the 

* fn fome Airjpals this Power is much preaier than in others ; 
prricLilaVly in tuch.as are obliged ro make Ufe of their Eyes by 
jf^'^Ur,' as w^ll as by Day, ay in Cats, S'V. 

' Form 
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Form of the chriftalline Humour, and with \ 

that the focal Diftance of the Rays. Thus, 
when the Object we view is far off, and the 
Rays fall upon the Pupil with a very fmall De- 
gree of Divergency, we contra^ft the Ligament 
ta Ciliaria, which being concave to wards the 
vitreous Humour, do thereby comprefs it more 
than otherwife they would do i by this means 
it is made to prefs harder upon the back Side 
of the chriftalline Humour, which ii thereby 
rendered flatter ^ and fo the Rays proceed far- 
ther before they meet in a Focus than other- 
wife they would have done. Add to this, that 
we dilate the Pupils of our Eyes (unlefs in Ca- 
fes where the Light is fo ftrong that it offends 
the Eye) and thereby admit Rays into them, 
that are more diverging than thofe which would 
otherwife enter. And when the Rays come 
from an ObjeA that is very near, and there- 
fore diverge too much to be collected into their 
refpedive Foci upon the Retina^ by relaxing 
the Ligamenta Ciliaria we give the Chriftal- 
line a more convex Form, by which means the 
Rays are made to fuffer a proportionably greater 
Degree of Refradion in palling through it *• 

'^ Some Fhilbfophers are of Opinion, that we do this by % 
Power of altering the Form of the £ye ; and others^ by removing 
the ChriOalliue forwards or backwards as Occasion requires ; -but 
neither of chefe Opinions is probable ; for the Coats of the Eye arc 
too hard, efpecially iti fome Animals^ for the firft ; and as to 
inoving the Chriflalline out of its Place, the Cavities of the Eyft 
feem to be too well filted with the other Humoun to admit of fudi 
Jlemoval. 
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And befides this^ by contradtng the Pupils of 
our Eyes, we exciudq the more divrergiogilays, 
and admit only fuch as are more easily refradbed 
into their reljjedive pQci *^ But Vifion is not 
idiAinift ac all piftanoes^ for our Power of ccs^ 
trading and relaxing the Ligamevta OUaria 
is alfo ci£c4imfcribed within certain Limits. 

The tiear^- an Objed is placed to the Eye, 
the greater is the Image of it upon the Retina. 
Becaufe the Pencils flowing from the extreme 
Parts of the Objed^ when near, make a larger 
Angle with each other in the Pupil where they 
crofc, than the lame Pencils do when the Ob- 
jeft is piace^i farther off. Thus AB (Fig. 33.) 
the image of the Objed CE), far exceeds EF 
that of the fameObjeaGH, placed at agreater^^ 
pidajpcc from the Eye, as is evident from In- 
^Je^on of the F jgure. 

Ill : tiiofe Eyes whore the tunica 'Cbrfiea is 
very protuberant and convex, the Rays of 
Light fuller a very . confiderable Refraftion at 
th^ Entrance into the aqueous Humour^ and 
ane {;h,ei'efore colkAed to a Foeui bfefone they 
h\l upon the Reti^iay unlefs the Object be pla-* 
ced very near^ fo that the Rays .vMdk entser 
the Eye, may have a confiderable Degree of 
Divergency. People chat have fuch Eyes, are 
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iaid t0.i)e pkrbUad. Ndar-the Jieairer artOb-^ 
jed is placed to the Eye^ the: greatec is die 
Image of it tbereini as explained abovej thefti 
People^ therefore can fee much flnalter Objedj 
than others^ as feeing miach nearer wes with 
the fame DfllinuSlfiels. Aiid their Sight . coh-^ 
tinues goad longw than that of other Peoplei 
becaufe the Ifunica Ccrnea of their Eye$, as 
they grow old,, becomes plainer, for Want of 
that Redundaiicy of Humours with which they 
were filled before. 

On the contrary, old Men having: the Cor* 
vea of their Eyes too flat for want of a fuffici- 
ent Quantity of the aqueous Humour ta fill 
them out, if the Rays diverge too much before 
they enter the Eye, they x:annot be- brought 
to a Focus before they reach the Retina ; on 
which Account thofc People cannot fee diftind- 
ly, unlefs the Objett be fituated ata- greater 
Diftancefrom the Eye, than is required for thofo 
whofe Eyes are of a due Form. 

Since the Images of the Objects we look at 
are inverted in the Eye, it may be thought the 
Objedls themfelves ought to appear fo ,• but it 
muft be confidered, that there is no natural 
Connection betvreen the ii/^^ in our Mind, and 
the Image upon^ the Retiita ; we find by Ex- 
periencej that when fuch an Idea is excited ia 
our Mind, fuch an Objed ftands before us in 
fuch a Pofition and of fuch a Form ; when ever 
therefore the like Idea is excited again, we 

con- 
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conclude there is a like C^ufe of it. For it is 
found by Obfervation, that People who have 
been born blind, and have afterwards received 
their Sight, have had no Information from 
their Eyes at firft, concerning the particular Si^ 
tuation or Form of Bodies ; but have been ob- 
liged to flay till Experience has taught them 
what Figures and Situation of Bodies correfpon'd 
to fuch and fuch Senfations in the Mind *. 

In like Manner it is from Experience that 
an Object appears fingle, though there be an 
Image of it in each Eye; for after we find, 
that its Place, according to the Reprefentation 
of it in each Eye, is the fame, we neceflarily 
conceive it to be but one. The Manner how 
we come to find this, feems to be as follows : 
There is one Part of the Retina upon which 
when the Image falls, the Objed appears 
brighter and more diflin^ft, than when it falls 
upon any other, as is evident becaufe we al- 
ways fee one Part of an Objed with greater 
Di(tin(9tnefs than any of the reft* This Point 
I fhall hereafter call tbe Toint of diftinB Vi^ 
/ion. This naturally leads us to turn our Eyes 
fo, that the Objed may be fituated 6vce&\y 
oppofite to this Point. And this Action of 
ours is that which has given Rife to thoTe ima* 
ginary Lines, which are fuppofed to pafs di- 

* Sec Mr. Cbeffeldens Obfervations on a young Gentkman 
couched by him ac the Age oi 1 3 Years. Philofoph. Traniad. No. 
40a. 

redly 
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redly through the Eye and to terminate in th0 
Objea we vieWi and are commonly called th€i 
€ptic Axes. We therefore turn our Eyes fo that 
the Objedi may appear in thofe Lines. There* 
fore fince thefe Lines concur at theObje(a, when 
we indeavour to view it with Diftinftnefs, each 
Eye affords us an Idea of the Objedt in the famoi 
Place, from whence it necelTarily appears but 



one* 



When-k' 



* There are other Methods of accounting for theife two laA 
Phanome^ay fome oi which, {>erhaps, the Reader may think morcf 
plauGble ; for the Connedion between the Image on the Rjetind 
and the Idea in the Mind, being purely metapbyfical^. we can ner 
ver hope to arrive at any Certainty in this Matter. 

Some are of Opinion^ that we judge thofe Rays wluch paint thf 
.uppermofi Part of the Image in the £ye to proceed from the lower<> 
tnoft Part of the Objed, becaufe they flrike upon the Retina, ai 
toming from that Part ; and that we Conclude from hence that thet 
Objed is ered, though the Image be inverted ; as if the Diredion 
wherewith the Rays ftrike the Retina, informed the Mind whicb 
\Vay they came. This Solution ferves alfo to explicate the Pbdna* 
fn'enon of feeing but one Objed with both £ye^ ; for as the Mind 
is informed by the Diredion with which the Rays ftnke the Reti^ 
fta of the Place from whence they come ; therefore when it ap- 
pears that they enter each Eye as from the fame Place^ the Objed 
jieceilarily feems to be but one ; becaufe we cant fuppofe two to 
exiil in the fame Place at the fame Time. But accordm^ to this 
Dodrine no Objed could ever appear double ; becaufe wherever 
it be (ituated, the Rays cannot aned the Retina otherwife than if 
they came from it alone. 

Soipe have been fo abfurd as to embrace an Opinion, the firft' 
Author of which was Gaffendus, that we fee one and the iamflf 
Point of an Objed only with one Eye at a Time, {otiante aliog 
as they expreis it) while the other does nothing. Vid. Oaffendi 
£piflol. deMagnitud. Solis. Or Tacquet, Optic. Lib. I. Prop. 2. 

Some imagining that the eptu Nerves confift of a Bundle of 
final] ones wrapped up in one common Tegument, are of Ofunion^ 
t))at fuch as lie upon the Retina at equal DifiancieS from the I'oint 
of difllAd Vilion^ and on the fiune Side of i( in wkf»J^t ^xteoa* 
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Whenever the Eyes ire fo fituated with re^ 
fpe6k to an Objeift, that the fame Part of the' 
^Retina in eacsh Eye is affe(£ted by the Rays 
that flow from it,' which are Wont to be af- 
fected when two ObjeiSks are placed before the' 
Eyes, the Mind receiving no Information from 
without, but by the Impulfefs of the Rays up- 
on the Retinaj judges thast there are two C^ 
jedts. Thus let A, B (Fig. 34.) reprefent two 
Eyes whofe opic Jxes are dire(Sted to the Point 
C, and let E be an Objed on one Side the 
Pojnt C, and V an Objed on the other^ Now 
Ob jedis thus iituated muft appear feparate, other-^ 
wife every time we viewed an Objed we muft 
imagine all the different Points in its Sur&ce 
to be but one, which is contrary both to Rea- 
fon and daily Experience. In this Cafe, the 
Point id in each Eye will be aife(9«d by the 
Rays which flow from thbfe Objefts ^ but f0 
it will, if a fingle Objed be placed at D, and 
therefore for the Reafon given above^ an Ob- 
jed in that Situation fliall appear as the two 
fepaifate ones E and F, that is^ double. A- 

nedied together Jn onej before th^ terroinace in the Brain ; and 
fo whether one or both are affiled, only one It^a is exdted in 
the Mind. Gravefand confixmn this Opinion by averting, that in 
all Animals which look at the fame Objed with both £yes^ the 
optic Nerves concur before they enter the Brain j and that in fiidi 
as look at one Objed with one £ye, and at a <&&reat one with 
the other> they are feparate all "the Way. 

Others, with Briggins (fee liis Optbthatmeg. Chap, ii.) do 
not contend, that the forementioned correfpoitding Parts of the 
fipth Nerves are conneded before they terminate in the Brain ; bnt 
that they are of an equal T^fion^ and thereibre ^dte the ftme 
Seoiktioa ia the Mlti4 

gain. 
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jgaiiH let thete be an Objed placed without tha 
i^ptic Axes as at G, Rays flowing from this 
!will aflfed the lame Part in each Eye, - as if 
Ihere were two diltind Ob jedls, mz* one at E 
and the other at H, this therefwe will alfo ap- 
pear doi^le. Farther, as the Objeifis D and 
G are fituated in this Figure, if both are atf 
tended to at the fame Time (the optic Axes 
'being ftill directed to the fame Point C) they 
will appear as three, being fituated oppofite 
to the three Points F, E, and H. And what 
has been faid of the Appearance of the Obje(5b 
D and G as they are fituated in this Figure, 
may be applied to their Appearance as they 
gre placed in the next, where they are repre« 
itoted as being beyond the Line HF. So that 
wherever an Obje<^ is placed, provided it be 
nearer to the Eyes than the Point where the 
«ptic Axes concur^ or farther £'om them, it 
appears double. 

There is ene Part of the Retina of each Eye, 
Qpon.whieh when the Image falls, the Objed 
cannot be feen at all with that Eye; the Proof 
of this w« hav^ 6com the following Experiment. 
The two Objects upon a Wall, of fuch Bignefs 
>4that each may hide a Iquare Inch of it, or 
iiereabottts, and at the Diftance of about a 
loot or two from each other, and go back from 
the Wall about three times that Diftancci then 
Shutting the left Eye, look at the left Ob jed 
\isrith the right one> and,while the rigl^tEye is 

1 z in 
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In that Pofition, the right Objeft will not be 
feen. So if in that Station we look at the right 
Objeft with only the left Eye, the left Objeft 
will difappear. The Realon of this is fuppofed 
to be, that the Image then falls upon the blood- 
veffels of the optic Neryey from which no Sen- 
iation is conveyed to the Brain. 

The Angle comprehended between the Rays 
which flow from the extreme Parts of the Ob- 
jeft, and crofs in the Pupil, is called the optic 

Angle. 

' 'Tis by means of this Angle that we are able 
to form fome Judgment of the Magnitude of 
an Object,- becaufe the larger this is, the larger 
is the Image upon the 'Retina^ that is, a great- 
er Portion of it is affeAed by the Rays which 
flow from that Objed, But this is not fuflfilcient 
alone, becaqfe difl&rent Ob jciJts at different 
Diftances from the Eye, may fubtend equal 
Angles at. the Pupil. We ought therefore to 
know alfo the Piftance of the Ob je<St. 

This, if the Objeft be very hear, we are 
able to form a tolerable Judgment of, by the 
Degree of Divergency, wherein the Rays which 
flow from the fame Point of the Ob)e^ enter 
the Eye; b'ecaufe we firtd it neceflfary to adapc 
the Eye accordingly, in order to bring them 
to a rocus upon the Retina. 
' But when the Ob jei5k is at a greater Diftance 
from us; a confiderable Variation in the Dif- 
tance of it makes but a very finall one in th« 

Piver^ 
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Divergency of thofe Rays, and therefore this ' 
Rule of Judging ceafes to be of Ufe. The only 
Expedient then is, the Angle comprehended 
between the optic Jxes at the Objed to which 
they are directed, or which is the fame Thing, 
the Pofition of the Eyes with refpecl to each 
other when they view the Object* But in 
very large Diftances this Pofition varies fo lit- 
tle, that it is alfo of no Ufe; in which Cafe 
we make the beft^ Judgment we can froiji the 
Brightnefs, Diftinctnefs, and apparent Magni- 
tude of the Ob jed, and like wife from its Situati- 
on with refped to others which are inter pofed f » 
When we are unable to judge rightly con- 
cerning the Diftance of an Objedt, we conceive 
it greater, the farther we imagine it to be from 
us, and vice <V€rsd; becaule it requires a lar- 

fer Objed to exhibit the fame Image upon the 
ietina^ when it is fituated at a great Dif- 
tance, than when near. Thus we imagine the 
Sun and Moon to be farther off, when they 
are in the Horizon j than when they are near 
tiie Meridian^ and accordingly think them 

• 

* That the Pofition of the pptic Axes is a Means whereby we 

C* dge of Di Aances, is evident from hence, viz- that they who have 
ft the Sight of one Eye, find it much more difficult to eftimate 
the Diftances df Objeds, t;han they did> when they had the Udb 
ff both. 

f We have a remarkable Inftance of the Error of our Judgment 
concerning the Diftances of very remote Bodies, in that we look 
upon the Sun, Moon, and Scars to be all at the fame Diftance, 
jwheras fomp ^ (^^m are a tho\)fand Times farther from us than 
pthcrs, 

pro- 
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proportionably larg^ in one Sitoatton than ia 
the other, though they are found to exhibit th* 
iame Image upon the Retina in both Cafes ""• 

We are never able to fee very diflantObjefts 
with Diflindnefe i this is not foiely owing to 
the Pupil's not receiving into it a fufficient Num- 
ber of Rays for that Porpofe, or becaufe ttey 
are not collected into Foci upon the Retina^ 
but becaufe the Objeft being very far off, the 
Rays which flow from Points of the Objed 
that are contiguous, fall too near each other 
upon the RefifM to excite diftinffc Senfationsin 
the Mind, fo that the Idea of the Whole is 
conlufed. 

CHAR VII. 

Of the Appearance of Objects feen tbrmoh 
Media of different Forms. 

I'^Hat what we fhall fay upon the SubjeA 
L of this Chapter may more readily be un- 
derftood, we fhall premife the five following 
Particulars; which arc all compri&d in the 
foregoing Chapter, or follow immediately from 
what has been there laid down, <v^, 

!• That as each Point of an Objed wheti . 
viewed by the naked Eye, appears in its pro- 

* See the Diflercation on the hommtal Moon| tnae^^ eo tbi$ 
Part. 

per 
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^r Place ; and as that Place is always to be 
found in the Line in which the Jxis of a Pjen- 
cil of Rays flowing from it, enters the Eye, we 
•from hence acquire an Habit of judging the 
•Point fituated in that Line; and becaufe the 
Mind i s unacquainted with what Refraiftions 
the Rays fuffer before they enter the Eye, there- 
fore, in Cafes where they are diverted from 
their naturalCourfe by palfing through any Me- 
dium^ it judges the Point to be in that Line 
produced back in which the Jxis of a Pencil 
of Rays flowing from it is fituated the Inftant 
they enter the Eye, and not in that it was in 
.before Refradion. W e fhall therefore in what 
follows, fuppofe the apparent Place of an Ob- 
•jeiJt when feen through a vefraOing Medium to 
be fomewhere in that Line produced back in 
which the A)cis of a Pencil of Rays flowing 
from it, proceed after they have palfed through 
the Meaitim. 

2. That we are able to judge, though im- 
iperfeftly, of the Diftance of an Obje(5t by the 
Degree of Divergency, wherein the Rays flow- 
ing from the fame Point of the Object enter the 
Pupil of the Eye, in Cafes where that Diver- 
gency is confiderable ,• but becaufe in what fol- 
lows, it will be neceflary to fuppofe an Objedt,. 
when feen through a Medium whereby its ap- 
parent Diftance is altered, to appear in fome 
determinate Situation ; in thofe Cafes where 
the Divergency of the Ray^ at their Entrance 

^ into 



\ 



74 Qf ^^^ A^fedrance Part IIL 

into the Eye is confiderable, we will fuppoie 
the Objedl to appear where thofe Lines which 
they defcribe in entring^ if produced back, would 
crofs each other ; though it muft not be allert- 
ed that this is the precife Diftance; becaufe the 
Brightnefs, Diftinftnefs, and apparent Magni- 
tude of the Objeft, on which its apparent Dif- 
tance in fome Meafure depends, will alfo fufer 
an Alteration by the Refraftion of the Rays ia 
paflSng through that Medium. 

3. That we eftimate the Magnitude of att 
Objed by that of the optic Angle. 

4. That Vifion is the brighter^ the greater 
the Number of Rays is which enter the Pupil* 
And,, 

5 . That in fome Cafes, the apparent "Bright* 
vefs^ THJiinUfiefs^ and Magnitude^of an Ob- 
jed are the only Means' whereby our Judgment 
is determined in eftimating the Diftance of it. 

Prop. I. An Ob jed placed within a Medium 
terminated by a plain Surface on that Side which 
is next the Eye, if the Medium be denfer than 
that in which the Eye is (as we flball always 
fuppofe it to be, unlefs where the contrary is 
exprefled) appears nearer to the Surface of the 
Medium than it is. 

Thus if A be a Point of an ObjeA placed 
within the Medium BCDE {Fig. 36), atid A^, 
Ac be two Rays proceeding from thence i thefe 
Rays palfing out of a denfer into a rarer jk&- 
dium will be refrained from their. refpe<aiv^ 

"Per- 
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Perpdndictilars hdj ce^ and will eftter* tfie £yd 
dt H^ fuppofe in the Direil-ions J/, cg^ let theit 
thefe Lines be produced b^ck till they liieet in 
F ; this will be the apparent Plaice of the Point 
A 5 and becaufe the refradeci Rays hf^ eg will 
diverge niore than thd incident ones AK, h,c 
(Chap. III. Prop.3.)5 it' will be nearer to the 
Points h and c^ than the Point A ; and as the 
fame is true of each Point' in the Objeft^ thd 
Whole will appear to an Eye at H, nearer to' 
the Surface BG than it is '^i 

trop. IL 

. * From hence it is, that wh6n one End of a flrait Stick is put 
under Water^ atid the Stick is held in an oblique Pofition, it ap- 
pears bene ac the Sur&ce of the Water ; wz,* becaufe each Point 
that is under Water appears hearer the Surface, and confequently 
higher than it is. 

Vxom hence Fikewife it is,^ that an Objeft at the Bottom ot t 
VefTel may be feen when the Veflel is filled with Water, though \i 
be fo placed with BLefped to the Eye, that it cannot.be feen when 
the Veffel is empty. To explain this; Let ABCD (F/^. 37.) re- 
pfefent a VelTel, and let E be an Ob)ed lying at the Bottom of it. 
This Objed, when the Veflel is empty, will not be feen by an 
Eye at F, becaufe HB the upper Part of the VelTel will qbftruft the' 
Ray EH ; but when it is filled with Water to the Height GH^ 
the Ray EK being refrafted at the Surface of the Watcir into the 
Line KF, tTie Eye at P fhall fee the Objed by Means of that. 

In like Manner, an Objed fituated in the Horizon appears above 
its true Place, upon Account of the RefraAion of the Rays whichf 
proceed from it in their Paffage thi^ough the Atmofphei^e of the. 
Earth. For firfl, if the Objeft be fituated beyond the Limits of 
the Atmofphere, its Rays in entring it will be refraded towards 
the Perpendicular, that is, towards a Line drawn from the Point 
Where they enter, to the Center 0/ the Earth which is the CeAter 
of the Atmojpbere^ and as they pafs on they will be continually 
refraded the fame Way, becaufe they are all along entring a den- 
fer Part, the Center of whofe Convexity is ftill the fame Point ; 
upon which Account the Line they deicribe will be a Curve bend* 
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' Prop. n. An Ob jed feen through a Medium 
terminated by plain and parallel Surfaces, ap-. 
pears vearery brighterj and larger^ than with 
the naked Eye. 

For Inftance^ let AB {Fig. 38.) be the Ob- 
jea, CDEF the Medium^ and GH the Pupil' 
of an Eye, which is 'here drawn large to pre- 
vent Confufion in the I^igure. And ift let RK, 
RL be two Rays proceeding from t;he Point R, 
and entring the denfer Medium at K and L > 
thefe Rays will here by Refraction be naade to 
diverge lefs (Chap. III. Prop. 2.) and to pro- 

in<' downwards ; and therefore none of t)ie Rays that come from 
that Objed can enter an Eye upon the Surface of the Earth, ex- 
cept what enter the Atmofphere higher than they need to do, if 
They could come in a right Line from the Objeft ; confe<juently 
ihe'Objfft muft appear above its proper Place. Secondly^ if the 
Ob'jfdt be placed within the Atmofphere^ the Cafe is ftill the fame ; 
for the Rays which flow from it muft continually enter a denfer 
Medium whofe Center is below the Eye, and therefore being re- 
fraded towards the Center, that is, downwards as before, thofe 
which enter the Eye muft neceflari ly proceed as from fome Point 
above the Objtft, wherefore the Objeft will appear above its pro- 
per Place. 

From hence it is, that the Sim, Moon, and Stars appear above 
the Horizj>n^ when they are jtift Bdow it, and higher than they 
ought to do, when they are above it : Likewife diftant Hillf, 
Trees, &*c, feem to be higher than they are. 

Farther, the. lower thefe Objeds are in the Horizon^ the greater 
is the Obliquity with which the Rays which flow from them, enter 
the Atmofphere, or pafs from the rarer into the denfer Parts of it, 
and therefore they appear to be the more elevated by Refraftion ; 
upon which Account the lower Parts of them are apparently more 
elevated than the other. This makes them feem fhorcer than they 
are ; as is evident in the Sun and Moon, which appear o* an oval 
Form when they are in the Horizon^ their horizontal Diameters ap- 
pearing of the fame Length they would do if the Rays fufferM no 
Refrattion, while their vertical ones are fliortened thereby. 

ceed 
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treed afterwards fuppofe in the Lines. K|^ l^b ; 
■alt a and h where they pafs out of the'denfer 
Medhtmy they will be as much refrafted the 
.<:ontrary Way^ proceeding in the Lines dc^ bd^ . 
parallel to their firft Difeftions (fee Chap. 
iV. ) y produce thefe Lines back till they 
meet in €y this will be the apparent Place of 
the Point R, and 'tis evident from^ the Figure 
that it muft be ^nearer the Eye thaii that Point;' 
'and becaufe the fame is true of all other Pen- 
cils j9owiiig from the' Objeft AB, the Whole 
will be feen in the Situation fg^ itarer to the 
Eye than the Line AB. 2d. As the. Rays RK, 
RL wonld not have entered theEye^'but have 
paffed by it in the Diredions Kr, L?> had they 
liot been refraded in paffing through the Me- 
-^diujn^ the Ob je£t appears bright er. 3 d. The 
Rays Kh\ ' tL will be refra^^ed at 1^ and i in- 
to the feft converging Lines M, /5, 9nd at the 
other Surface' into Im, /M parallel to A/& 
iand B/ produced (fee Chap. IVO, fo-that th6 
Bxtremities of the Objed! will appear' in th^ 
Lines. M^, M/ produced j; c;/2S* in/and'^> ani 
under as W^e an Angle /M as th^e Angle A 
^B umjer which atf Eyi af ^ would have feen 
It, had thei*e hQenngM^dk^m interpofecj to 
f dra'dt^e Rays i an)4 therefore it iapp^ars //2^/^ 
er to the Eye at G^^ being feea\throu^h the 
Tijterpbf6d^^/»^ ottij^rwife It would 

IfravB' di)he. But it is fere to te oUl^yei that 
the n^iv^v the-Point ir g^pears tq t^ i^ye oa 

'^•y- •;, '^d .I./-' '• "K *2 ' ' ''"^ '-' ■ " "'Ac* 
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/^cfouot of the Refraftion of the Rays RK^ 
"RL, the fliorter is the Image fg^ becaufe it i$ 
'germinated by the Lines M/ and M^, upon 
which Accx>unt the.Objed is mjicje to appear 
lefs ; and therefore the apparent Magnitude of 
an Objeft is not much augmented by being feen 
through a Medhm of this Form. 

Farther it is apparent from the Figure, that 
the Effeift of a Medium of this Form depends 
wholly ufKMi its Thick nefs^ for the Diftanc^ 
betv/een tne Lines Rf and ^^. and cpnfequentr 
ly the Diftance between the Points e ^nd R de^ 
pends upon the Length of the Line ILa : Again, 
the Diftance between the Lines J^M and /M^ 
jdeppnds on the Length of the Line M ; but both 
Ka and b]^ depend on the Diftance between th^ 
Surfaces CE $nd DF, ^nd therefore the l^Se& 
of this Medmm depends upon its Thicknefs. 

Prop. lU. An Objed feen thrpugh a convei? 
\J^ens'<:^ appears larger^ brighter^ ^nd more difx 
janu than with the naked jfiye, '" » 

To illuftrate this, let 'AB iPig. 39,) be tlie 
pbjeft,." Cp the Leij(y and EF the Eye, i. 
Frpiii' A and B theJpxtreniities^of the Objeij; 
13riw the right Lines AYr^ BX?^' crpfllSng eacl^ 
other in the Pupil' of the %e; the Angle ArB 
^^pmnpre^^^^ Lin^s^ , is tb^ 

3^^e uiidef which the Objeia \ypuld be feetj 
•With^ %e.^ :But by tije Intejrppfi- 

tidn SiVL ij^ns of this Fprnij whofe Prppeitj^ it 
"S to ^j:^n3^er 'converging 'Rays mpre ;o (fe^ 
''Jbap. 1 V.5 rfjpl^ays A^. apd BX will be made 
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%o crofs each other before they reach the Pupil, 
Therefore the Eye at E, will not perceive the 
[Extremities of theObjeiS: by means of ^thefe 
]|^ays (for they will pafs it without. entringX 
but by fome others which muft fall without the 
points Y and Xj or between them 5 but if they 
fall between them, they will be made to con- 
<?ur fooner than they themfelves would have 
done, and therefore if the Extremities of the 
Objed could not be feen by them, it will much 
iefs be feen by jthefe* It remains therefore, 
that the Rays which will enter the Eye from 
the Points A and B after Refradion, muft fall 
upon the Lens without the Points Y and X ; 
let then the Rays AO and BP be fuch. 'Ihefe 
^fter Refraction entring the Eye at r, the Ex- 
tremities of theObjed will be feen in the Lines^ 
rQp rT produced, and under the optic A^igle 
Of T which is larger than ArB, and therefore 
the apparent Magnitude of the ObjeU will he 
incrfafedf 2. Let GHI be a Pencil of Rays 
flowing from the Point G ; as it is the Property 
of this Lens to render diverging Rays Ipfs di-- 
verging, parallel or converging (fee Chap, 
IV.;, it is evident, that fome of thofe Rays 
)yhich woul4 proceed on to M and N apd mifs 
iihe Eye, were they to fuffer no Refradiori ia 
pafling through, the LenSy will now enter it 1 
hy which means the Qbjeft will appear bright-^ 
er. 3, As to. the apparent; pittance of the bb-^ 
je(l, tbat will Wry ac9ordiog to the Situation 
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of it'Wltii rfef^ tb the F^cus bf parallel Rays 
of the Lj^fis. I . Then, let us fuppofe the Ob- 
ject plated fo much nearer the Lens than its 
Focns of parallel Rays, that therefrafted Rays 
KE and LF though rendered lefs diverging 
by paflTing through it, may yet have a confide- 
rable Dfegree of Divergency, fo that we may^ 
be able to form a Judgment of the Diftance oF 
the Obje<5t thereby. In this Cafe, the Ob jeft 
ought to^ppear where EK, FL produced back 
concur, which^ becaufe they diverge lefs than 
the Rays GH^ Gi; will be beyond G, that is, 
at a ghiater Diftance from the Lens than the 
Objec? Is. But becaufe both the Brightnefs and 
Magnitude of theO jeft will at the fame Time 
be augmented. Prejudice will not permit us to 
judge i* quite fofar off as the Point where thofe 
liiues meet, but fomewliere between that 
Point and 'its proper Place. 7 . Let' the Ob jeft 
be placed in the Foci/s of parallel -Rays, theij 
will the Rays KE and LF become parallel 
( fee Chap. IV. ) and though in this Cafe 
tbeObjed would appear* at an immenfe Dif- 
tance; if that Diftance were to be judged of by 
the Direftion of the Rays KE and LF, yet 
fipon 'Account of the Brightnefs and Magnitude 
of it, we fliall not think it much farther froint 
us; 'diah if it were Teen by the' ri^ed Eye. 3* 
If the^Objea: be fitiiated' beyond tfre^jR^^^j of 
pafcaM'Rays, as iVAB <F^.;4o)/ the Rays 
fliW^iiig from thfciic^^fttj iaUing upon the Len3 

CD, 
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GD, will be collefted into tlp^r Fefpe<aiYfit Bid 
at dsxid b^ aa4 the interteaediate Points m^ n^ 
^c. and will there form an Image of .the 01>* 
je<a AB 5 and after croffing each other itb the 
leveral Points df it, as expreflfed m tl^ Figure, 
will paft on diverging as^ from a real Objeft. 
Now if an Eye be iituated at c^ where' Ar, 
3Cy Rays proceeding from the extreme Points 
of the Objteift, make not a much larger: Angle ^ 
AtrB, than they would do if there wereno^jL^^i' 
interpofed j and the Rays belonging to the 
fame Pencil do not converge fo much as thofe 
the Eye would receive,, if it were placednearer* 
to ^ or Z^, the - Objedt upon thefe Accounts 
appearing very little larger or brighter thaa 
with the naked Eye, is feep nearly in its pro- 
per Place I but if the Eye recedes a little Way 
towards ab^ the Objed: then appearing both 
brighter and larger, feems to approach the 
Lens * : which is an evident Proof of whan has 

* That the Objeft ftiould feem to approach the Lens in'this Cafe, 
was a DifficulrjHihat exceedingly puzzled the learned Barrow, and 
which he pronounces infuperable, and not to be accounted for by 
any Theory we have of Vifion. Molimux alfo leaves it to the So* 
lution of others, as that which will be inexplicable, tijl a. more ia- 
ticnate Knowledge of the vifive Faculty, as he exprefles it, be ob- 
tained by Mortals. 

They imagined, that feeing an Objeft appears farther offy the 
lefs the Rays diverge which fall upon the Eye ; if they ihouid pro- 
ceed parallei to eacfi other, it ought to appear exceedingly remote^ , 
and if they fhould converge^ it fhould then appear more dijlant 
fiili : TheReafoii of this was, becaufe they looked upon the appa- ♦ 
rent Place of an Obje.ft, as owing to the Diredion of the Rays 
whatever it was, &nd not at all to its apparent Magnluide or 
Splendour. 

been 
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been £o often ailerted, viz* that we judge of 
the Diftance of an Objeft in feme Meafure by 
its Brightnefs and Magnitude * ; for the Rays 
converge the more the farther the Eye recedes 
torn the Lens ; and therefore if We judged of* 
the Diftance of the Objeia by the Diredtion of 
the Rays which flow from it. We ought in this 
Cafe to conceive it at a greater Diftance, tharf 
when the Rays were' parallel, or diverged at 
their Entrance into the Eye. 

Prop. IV. If an Obje^k be placed farther 
from a convex LenSy than its Focus dF parallel 
Rays, and the Eye be (ituated farther from it 
on the other Side, than the Place where the 
Rays of the feveral Pencils are colIeCled into" 
their refpedive Fociy the Objed appears insert' 
edj and pendulous in the Jir^ between the 
Eye and the Lens. 

To explain this, let AB {Fig. 40-.) repre- 
fent the Objed:, CD the LenSj and let the^ 
Rays of the Pencil ACD be collected in ^, and 
thofe of BCD in ^, forming there an inverted 
Itnage of the Ob jed: AB, and let the Eye be 
placed in F : 'Tis apparent from the Figure, 
that fome of the refraded Rays which pafs 
through each Point of the Image, will enter 

* Perhaps it may proceed from our judging of the Diftance of an^ 
Objefb in feme Meafure by its Magnitude, chat that Deception of 
Sight commonly obferved by Travellers may ariie ; viz^ that 
upon the firft appearing of a Building larger than ufual, a3 a Cathe^ 
tifal Church, or the like, it generaUy feems nearer to tbeoi, thaa 
they afterwards firrd it to be. 

the 
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the Eye as from a real Objcift in that Place, 
aiid therefore the Objed AB will appear there, 
as the Propofition aflerts. But w.e are fo little 
accuftomed to fee Objefts in this. Manner, that 
it is very difficult to perceive the Image with 
one Eye ,• but if both Eyes are fituated in fuch 
a Manner, that Rays flowing from each Point 
of the Image may enter both, as at G and H, 
and we/dire<at our optic Axes to the Image, *tis 
eafy to be perceived. 

If the Eye be fituated in a or b^ or very near* 
them on either Side, the Object appears exceed- 
ingly confufed, ^iz- if at ^5 the Rays which 
[woceed from the fame Point of the Objeift con-^ 
verge fo very much, and if at e^ they diverge 
fo much, that they cannot be colleded together^ 
upon the Retina ; but fall upon it as if they, 
were the Ax6s of fo many diftind Pencils com-* 
ing through every Point of the Le?u ; where- 
fore little more than one fingle Point of the Ob-« 
je(Jl is feen at a Time^ and that appears all over 
the Lfus^ from whence nothing but Confiifiorf 
arifes. 

If the Lem be fo large that both Eyes ma/ 
be applied to it, asinb and k^ the Objed will 
appear double ,• for *tis evident from theFigure^ 
that the Rays which enter the Eye at Jb .from 
either Extremity of the Objeft Aor B, do not 
proceed as from' the. fame Point With that from 
whence thofe' which enter the other at k feem 
to flow i the Mind therefore is here deceived, 

L . . Tflinu- 



/ 



84 Of the Appearance PartllL 

and looks upon the Objed as (ituated in two 
different Places, and therefore judges it to be 
double. 

Prop, V. An Ob jed feen through a concave 
Ijens appears nearer^ jmaller^ and lefs bright y 
than with the naked Eye. 

Thus, let AB {Fig. 41.) betheObjeft, CD 
the Pupil of an Eye, and EF the Lens. Now, 
as it is the Property of a Lens of this Form, 
to render diverging Rays more fo, and converg- 
ing ones lefs fo, the diverging Rays GH, GI^ 
proceeding from the Point G, will be made to 
diverge more, and fo to enter the Eye as from 
fome nearer Point g ^ and the Rays AH, BI, 
which converge, wul be made to converge lefs, 
and to enter the Eye as from the Points a and 
h i wherefore the Obje(5t will appear in the Si- 
tuation agh:^ lefs and nearer than without the 
Ijens. Farther, as the Rays which proceed 
from G, are rendered more diverging, fome of 
them will be made to pafs^ by the Pupil of the 
Eye which otherwife would have entered it, 
and therefore each Point of the Objeft will di^-^ 
^2iv lefs bright^. 

Prop. VL 

* From vAii^ has been obleived about the? roperties of convex 
and concave Lenfts, we may. fee the Reafon why the former Sort 
are madeUCe of by old People to help their Sight ; and the latter hf 
thofe who are futhlind. ' OldPeopUy as was^obferved before, hav* 
ing the Tttnica Cornea of their Eyes too flat, require that the Ob' 
jed be placed at a greater Pittance from them, than, other People 
litrhoie Eyes are of a juft Form, that the RayS which enter the Pu- 
fils of their Eyes from Che &me Point of the Objefi^ may not di- 

L « '"- ■" jrergt 
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Prop/ VI. An Objed feen through a polygon 
musGlsSs^ that is, fuch a5 is terminated by 
feveral plain Surfaces^ is multiplied thereby. 

For Inftance, let A {Fig. 42.) be an Ob- 
jeft, and BC a polygonous Glafs terminated by 
the plain Surfaces BD, DE, (^c. and let the 
Situation of the Eye F be fuch, that the Rays 
AB being refra<aecl in pafling through the Glafs, 
may enter it in the Direction BF, and the Rays 
AC in the Diredion CF. Then will the Eye 
by means of the former, fee the Objed in G, 
2Lnd by the latter in H i and by means of the 
Rays AI, the Objed will appear alfo in its 
proper Situation A. 

Thus much for the Principles of T>iopics^ 
and the Solution of fome obvious Tbanomena 
which tend to confirm the faihe : Thofe which 
yet remain to be accounted iox^ fhall accord** 
ing to the Method we have hitherto obferved^ 
be treated of in the Diflertations of this Part. 

verge too xsnAu Now a convex hmt mtkes thofe Rays diverge 
leis, as they would naturally do if the Objed was placed fiirther o£ 
Again, thofe who txtptMind^ having the Tmnua Camea too pro-^ 
tubennt, require fiich a Ltns as may render thole Rays more di^ 
i^ging) left they ihould be coUe&ed into their re^dive ¥9ei be* 
fore they fall upon the JUIfM ; and therefore Unfu ^the<^cave 
Son are of y&tp Chen). 
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DISSERTATION I. 

Of the Horizontal Moop. 

THE Vbicncmenon of the hmzontal 
Moon is this : when the Moon is 
jjuft above the Surface of the Earth, 
either immediately after flie is rifen, 
or juft before flae fets, flie appears four or five 
Times greater in Diameter^ than when fhe is 
in her Meridian Altitude : And yet her appar 
rent Diameter, if taken by an Inftrument, is 
^ound to fubtend the lame Angle in either Si- 
tuation ^ 

The Moon's apparent Diameter being found 
•to fubtend the fame Angle, whether ilae be in 
the Horizon or Meridian, it is evident the 
Image of her projected upon the Retina^oH an 
Eye, is of the fame Dimenfions in either Cafe; 
and therefore that ihe fliould appear of a dif: 
ferept MiignitpdQ io on^ Situatioji frppi what 

What Ss (aid here of the Moon*s Diameter, as taken by an 

ifhed by 
therefore 

_. _..., ^. ^. _j fubtend 

the fame Angle in the Horizon as in the Meridian : But notwith- 
ftanding this, it appears longer to the naked Eye when in the for- 
fiigr, (hai^ jn the latter Situation,: ^s well as the horizontal Dia* 
hietcr. ' .^ 
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he does in the other, has always been Matter 
£ great Speculation among the Connoijfeurs 
>oth in Optics and Aftronomy* Ties Cartes 
ivas of Opinion, that we think the Moon larg- 
er when ihe is in the Horizon, thaii when fhe 
s in the Meridian, becaufe in the former Cafe 
>y comparing her Diftance with that of inter- 
>ofed Objeds, we imagine it greater than when 
he is elevated : And that as we judge her 
Diftance greater in that Situation, we of 
Dourfe think her Diameter longer, becaufe it 
\abtends the fame Angle in either Cafe. But 

tore of this by and by, when we come to 
lC Explication Dr. Wallis has given of this 
flatter. 

Gaffendm was of Opinion, that becaufe the 
vioon appears lefs bright when in the Horizon 
han in the Meridian, we view her in the for- 
mer Situation with a larger Pupil, than we do 
n the latter ^ and from thence he concludes, 
hat the Image of her upon the Retina muft be 
arger. But this is contrary to the Laws of 
Jpticsy for if the refra<aive Power of the Hu- 
. Qours of the Eye collets the Rays of the fe- 
:eral Pencils into their refpedtive JF^ri upon 
lie Retina (and there is no Reafon to fuppofe 
he contrary in this Cafe) the Breadth of the 
'upil makes no Alteration in the Magnitude 
f the Image ; becaufe the Situation of thofe 
^oei is determined by the Jxes of the feveral 
encils^ which crplling each* other in the Cen- 
ter 



S8 0/fi&(? Horizontal Moon. PartllL 

tcr of the l^pil (is was ihewn Chap. VI^ pag, 
6i. in the Note) pafs on to the fame Points 
of the Rctinay whether the Pupil be broad or 
narrow. 

M^Hneux, in the Philoibphical Tranfadions 
No. 187. tells us of a certain French Abbiy 
that revived the fbrementioned Suppofkictfi of 
Gajfendus^ and adding two others of his own, 
endeavoured to account for this ^hammenon^ 
His Suppofitions were thefe, mz. '^ That this 
** eontrading and enlarging the Pupil (Tup- 
** pofed by Gajfendus) caufeth a different 
**^ Shape in the Eye ,• an open Pupil making 
" the Chriftalline flatter, and the Eye longer, 
^^ and the narrower Pupil fliortning the Eye, 
^^ and making the Chriftalline Humour more 
*^ convex. The firft attends our looking at 
** Objesfte that are remote, or which we think 
fo, the latter accompanies the viewing Ob- 
jefts nigh at Hand. Likewife an open Pu* 
pil and flat Chriftalline attends Obje^ of 
a more fedate Light* whilft ObjeAs of more 
^^ forcible Rays require a greater Convexity* 
^^ and narrower Pupil. From thefe Pofitions^ 
** continues MolineuXy the Abbt endeavoured 
*^ to give an Account of our Tbanomenon^ as 
•* foUovi^s. When the Moon is njgh the Ho- 
^' rizon, by Comparilbn with ipterpofed Ob» 
^^ jeifts, we are apt to imagine her miicht far^ 
^^ tfaer from us than when more elevated, and 
" theces&re we order ow Eyes as fgr viewing 

^^ an 
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^ an Objeft farther from us j that k, we foiae* 
^* thing enlarge the Pupil, and thereby mako 
^ the Chriftalline flatter : moreover the I>if- 
^^ kiflinefs of the Moon in that Pofture does not 
** fo much ftrain the Sight ; and confequentiy 
•^ th^ Pupil will be more large, and the Chrif- 
^ talline more flat^ hence a JargOT Image fliall 
*^ be projected on the Fund of the Eye, and 
,*' therefore the Moon ihall appear larger. 
*^ Thefe two forementioned Accidents,' oizm 
the Moon^s imaginary Dift^ce and Duf- 
kiftinefs gradually vanifliing as flie rifes, a 
^* diflfe^ent Species is hereby introduced in the 
Eye, and confequentiy me feems gradually, 
lefs and lefs^ till again ihe approaches nigh 
*^ the Horizont 

As to what is taken for granted in this So* 
ktion concerning a Change in the Chriftalline 
Humour and Form of the Eye, upon viewing 
an Object in a liusky or faint Light, that fe^Ens 
to be very ill grounded. We know of no fiich 
Connexion between the Mufcljgs^^f the Iris 
and tbofe of the LigarfiMfa Citiariay as is 
neceffary to produce this Effed. And the 
Coats of the Eye are not lb pliable, as eaj(ily 
to admit of an Alteration in their Form • 
Could the Author have made good his other 
Suppofition, mz. ^hat hy Comparifon with 

* See what has been obferved concerning the Power we have 
of making an AlteratioA in the £yej in order to lee dijtinBJy. 
(Chap. Vl. pag. <Jz.) ^ 
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itaerpofed ObjeUs we are apt to imagine bet 
much farther from «j, than when more ele^ 
eated^ he need not have had Recourfe to any 
other i this alone would have been fufficient / 
but hie Labor eji. This alone^ I lay, would 
have been fufficient ,• for if by comparing her 
Diftance with that of interpofed Objeifts, we? 
imagine it greater when flae is in the Horizon^ 
than when Ihe is in the Meridian ^ as flie fub- 
tends an equal Angle in both Cafes, we muft 
in Confequence thereof ( agreeably to T>€i 
Cartes\ Notion above-mentioned) imagine 
her to be bigger in the former than in tjie lat- 
ter \ becaufe a dutant Objedt cannot fubtend 
the fame Angle at the Eye that one which 
is nearer does, unlefs it be proportionabljr 
larger *. 

The famous Hohhs endeavour'd at a Solii-^ 
tion of this Tbdnomenon^ but it is hardly 
worth mentioning ; The Figure he has drawn 
to explain his Solution by, feems to have 
been the Occafion of his Errour. He draws a 
Circle to reprefent tfeat. blue Surface common- 
ly called the Sky, in^ which the heavenly Bo- 
dies feem to be fixedj^ and concentric to this, 
a lefler, to reprefent tlie Surface of the Earth, 
but vaftly too big in Proportion ,- fo that a 
Spe(5lator upon the Surface of this Earth, is 
confiderably nearer to the upper Part of the 

? See Chap. VI. p. 71% 

Other 
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other Circle than to the Sides of it • Where- 
fore an Objeft that fubtends the feme Angle art: 
different Heights, muft neceffarily hide a great- 
er Portion of that Ark when it is in the Hori- 
zon, than when it is in the Meridian ; becaufe 
that Ark is farther behind the Gbjed in the 
former than in the latter Situation ,• from 
whence he concludes that the Moon muft ap- 
pear bigger in that Situation than in the Me- 
ridian; Had he drawn his Circles in any tole- 
rable Proportion to that which he defigned 
them to reprefent, he would eafily have feen 
his Miftake. . ,:v^h 

A few Years ago Mr. T>e Veil publiflied ai 
Treatife upon the Subject of the horizontal 
Moon, which he dedicates to the Ladies of 
Northampton^ If I remember right, his Solu- 
tion of it was in the following Manner, i. 
When an Objedl i$ pladed beyond the Focta of 
parallel Rays of a convex Lens^ the farther 
the Eye (fituated oo the other Side the Lens) 
receeds from it towards the Focus of the Rays 
Which flow from that Objeft, the larger that 
Objed appears. 2. Rays of Light flowing 
from the Moon, and paffing thro* the Atmof- 
fhere of the Earth, are colleded into a Focus 
on the other Side of it. 3. When the Moon 
is in the Horizon, we are nearer to this Focus 

' by almoft a Semidiameter of the Earth, than 
when ihe is in the Meridian : And therefore 
the Moon ought to appear larger when in the 

j! former tiian in the latter Situation. 

. M The 
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The fecond Propofition iti this SolutioD is 
true, but not applicable in the prefent Cafe ; 
for unlefs we connder the Refradiion that Rays 
of Light which flow from the Moociy and pa& 
through the Atmofphere of the Earth, fuf£^ in 
their Emerfion, that is, while they pafs through 
the latter half of it, as well as that which they 
fuffer in their Immerfion^ or while they pafs 
through the former half, we ihall find that 
they will not he collected into their refpedive 
Feci on the other Side the Earthj as this Gen- 
tleman imagines : Which if it cat! be ihewn^ 
his Solution falls to the Ground of Courfe ; 
for* the Refraftion which the Rays-fufer in 
their Emerfion is not to be taken into Confide- 
ration, becaufe they reach the Eye of a Spec- • 
tator upon the Earth as foon as they have paf- 
fed through the firft half of the Atmofphere, 
when the Moon is in his Horizon ; and before 
they have palfed through that hali^ when ftie 
is in his Meridian. 

Let us then imagine two Rays flowkig from 
one and the feme Point of the Surface of the 
Moon, it being neceffary in order to conftitute 
a Focus that fuchRaysilioald after Refra^on 
meet in a Point j the meeting of fuch as flow 
from different Points in the fame Surface is not 
fufficient,- if it were, we might then have Fad 
where we pleafed, and that as well without 
refra(aing or receding Surfaces as with them. 
And let the firft of thofe Rays fall perpendicu- 
larly upon the Attiiofphere of tho Earth, afid 

be 
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be Tuppofed to pafs through the Center of it^ 
and let the other after Refraftion pafs by the 
Surface of the Earth. Now the Moon V P^- 
rallaXj that is, the Angle under which the Se* 
midiameter of the Earth is feen from the Moon, 
being about one Degree^ it \s evident that thefe 
Rays muft, before itlMfir Incidence upon the 
Earth s Atmofphere^ diverge the one from the 
other by fuch an Angle. But it appears from 
Sir Ifaac Newton s't^l^oi Refractions pub- 
liflied by Dr. Halley in the Philofophical Tranf- 
adlions. No. 3 68, that when any of the Heaven- 
ly Bodies appears in the Horizon, the Rays by 
which it is feen, are refrained but by an Angle 
of thirty three Minutes and forty five Seconds ; 
and therefore the Ray which we have fuppofed 
after RefraAion to pafs by the Surface of the 
Earth, will be refraded only by fuch an An- 
gle. Which falling confiderably fhort of one 
Degree, the Angle by which it diverged from 
the perpendicular one before Refraction ,* it will 
be fo far from being made to converge towards 
it thereby, that it will fl ill be in a State of 
Div^gency from it. And tberefwe Rays flow- 
ing from the Moon and refra^^led only in their 
immerfion into the Atmofphere of the Earth, 
will not be collected into their ref peCtive Foci 
on the other Side: Which was to be ihewn. 

Dr. Wallis in the Philofophieal IVanfadlions 
No. 187, gives us a Solution of the horizontal 
Moon (or rather an Explication of what Ties 
Cartes had given before) which is as follows. 

M ? He 
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He afcribes this Vb^namenan to the Deception 
of the Imagination, and accoonts ioic that Der 
ception in the following Manner. He obferves 
firft, that the Imagination doth not eftimate 
the Greatnefs of an Objeft feen, by the optic 
Angle only, but by this compared with the 
fuppofed Diftance. Sotlitt if two Things are 
feen under the fame c^r^qual Angles, and if 
upon any Account whatever we apprehend one 
of thefe to be farther from us than the other, 
that which we apprehend to be farther from 
us, will to the Imagination appear greater. 
Secondly, That one great Advantage for efti- 
mating the apparent Diftance of any Thing, 
is from the Variety of intermediate Objefts be- 
tween the Eye and the Thing feen ^ for then 
the Imagination muft allow Buoom for all thele 
Things. 

^^ Nqw fays he, when the Sun "^ or Moon is 
*^ near the Horizon, the Profpeft we have of 
'' Hills and VaUies, Plains and Woods, 6c^ 
^' reprefcnt to our Imagination a great Dif- 
*f tance capable of receiving all thefe. Or if 
*' it happens that thefe interpofed Objeds are 
" not actually {een ,- yet having been accufr 
V tomed to fee them, the Memory fuggefts to 
^^ us a View as large as is the vifible Tlorizon. 
But when the Sun or Moon is in an high-^ 
or Pofition, we fee Nothing between us and 
them (unlefs perhaps - fome Clouds) . and 






^ For ;he §'jp appears larger ia the Horhf^m^ fs weU asfhe 
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thenefore Nothing that can prefent to our 

Imagination fo great a Diftance as the other 
^' is. And therefore though both be feen under 
^^ the fame Angle, they do not appear (to 
*^ the Imagination) of the fame Bignefs, be- 
^ caufe not fenfied at the fame Diftance : But' 

that near the Horizon is judged bigger (be- 

caufe fuppofed farther off) than tne fame, 

when at a greater Altitude. 

This is the Solution which has hitherto ge- 
nerally been received ,• but I am told that a 
more probable one will fhortly be given by 
Dr. Smithy Plumian Profeflbr in the Univerfity 
at Cambridge^ in a Treatife of Optics he is 
now preparing for the Prefs. 

If I might be allowed to mention any Thing 
of my own, after thefe great Geniuses have 
given their Opinions upon this Matter, it fliould 
be -this, mz. That I have often thought, that 
he who would give a rational Account, why 
the Sun or Moon appears farther from us in the 
Horizon, than in the Meridian* (for that is all 
that is requifite towards a Solution of the Ho- 
rizontal Moon, as , has been already obferved) 
Ihould firft fliow, why that apparent azure 
Surface we call the Sky, does not feem to be 
an enfire concave Hemifpberej but only a Por- 
tion of fuch an one. For our judging the Hea- 
vens to be no more than fuch a Portion, is un- 
doubtedly the Caufe why we judge both the 
Sun, Moon, and Stars to be farther from us 
;jvhen in the Horizon, than in the Meridian ; 

^caufe 
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becaufe we have Nothing dfe we, can refer 
their Places to^ but that. 

Now poflibly the Caufe why we think the 
Heavens of that Form, may after all be only 
this, piz. that, as the Rays which cpme from 
the upper Parts of that imaginary Surface the' 
Sky^ pafs through a left Portion of the ^«j^' 
phere^ thanfuch as come from the horizontal 
Parts of it, the Sky dppeaijs/to «s mwe difi 

iiiiUly and • generally more '^^X?^^ in thofe 
Parts-,' than in th$ latter i and tberefote> fince 
we daily obferx^te that thofe Objects which ap- 
pear moft dfftinU^ are, generally fuch as arq 
vearfifi to vs.i ^^tnl.alfo.as: Z^ri^g^i^ 'Obie(a% 
when we liave Nothing bl|t: b^re Imagination 
to determine us in- eftimating the Diftance ef 
them, appear ) ne.aren to* ; us tiiap the fame 
Obje^^s - when 'lefs io^*, we thkik. the upper 
Parts of the ^!^ky f;^fvr us f h^h the lower. 
\V ber^fpre, ^itjcJe wetter all thef heavenly Bo- 
dies -to this^ Surface, we neoeflarily imagine 
them farther from ijs, and confcquently larger, 
an4: alfo more diftaat -ifr^wfi each other t, when 
ipear the Horizon^: thanl when -tljey are arrived 
at th^ip meridian AJtitude* 



^^ * 5ee.wbat has been . laid: concfitniiig xiifi Brightpcfs of an Ql> 
jeft being % Mean; whetoAy it appears hearer us, under Prop. 5» 
•i? the 7Clt Chapter* -- 

. t ' The^ araar«nt honzdnMl DiAancd <^ tw^ Stars from 00a 
anothet,, is obierved to be greater whei^ tbey are.in thje Hofzoib 
Aan'in theMeiidiam 
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